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ADVANCE 
INFORMATION 


i960® RP 1/0 PROCESSOR 


• 33 MHz, 5.0 Volt Version (B0960RP 33/5.0) 
• Complies 
with PCI Local Bus Specification 
Revision 2.1 
• High Performance 80960JF Core 
• DMA Controller 
- 
Sustained One Instruction/Clock 
Three Independent Channels 
Execution 
PCI Memory Controller Interface 
- 
4 Kbyte Two-Way Set-Associative 
32-Bit Local Bus Addressing 
Instruction 
Cache 
64-Bit PCI Bus Addressing 
2 Kbyte Direct-Mapped Data Cache 
Independent Interface to Primary and 
- 
Sixteen 32-Bit Global Registers 
Secondary PCI Buses 
- 
Sixteen 32-Bit Local Registers 
- 
132 Mbyte/sec Burst Transfers to PCI 
- 
Programm~lble Bus Widths: 
and Local Buses 
8-, 16-, 32-81it 
- 
Direct Addressing to and from PCI 
- 
1 Kbyte lnternal Data RAM 
Buses 
- 
Local Register Cache 
- 
Unaligned Transfers Supported in 
(Eight Available Stack Frames) 
Hardware 
- 
Two 32-Bit On-Chip Timer Units 
- 
Two Channels Dedicated to Primary 
• PCI-to-PCI Bridge Unit 
PCIBus 
- 
One Channel Dedicated to Secondary 
- 
Primary and Secondary PCllnterfaces 
PCIBus 
- 
Two 64~Byte Posting Buffers 
• VO APIC Bus Interface Unit 
- 
Delayed and Posted Transaction 
Support 
- 
Multiprocessor 
Interrupt Management 


- 
Forwards Memory, VO,Configuration 
for Intel ~chitecture 
C~Us 
Commands from PCI Bus to PCI Bus 
(Pentium 
and Pentium 
Pro 
Processors) 
• Two Address Translation Units 
- 
Dynamic Interrupt Distribution 
- 
Connects Local Bus to PCI Buses 
- 
Multiple I/O SUbsystem Support 
- 
Inbound/Outbound 
Address Translation • 
12C Bus Interface Unit 
Support 
Serial Bus 
- 
Direct Outbound Addressing Support 
- 
Master/S,lave Capabilities 
• Messaging Unit 
- 
System Management Functions 
Four Message Registers 
• Secondary PCI Arbitration 
Unit 
Two Doorbell Registers 
Four clrcular Queues 
Supports Six Secondary PCI Devices 


1004 Index Registers 
- 
Multi-priority 
Arbitration 
Algorithm 
• M~mory centrouer 
- 
External Arbitration 
Support Mode 


256 Mbytes of 32- or 36-Bit DRAM 
• Private PCI Device Support 


Interleaved or Non-Interleaved DRAM • SuperBGA * Package 
Fast Page-Mode DRAM Support 
- 
352 Ball-Grid Array (HL-PBGA) 
Extended Data Out and Burst 
Extended Data Out DRAM Support 
Two Independent Banks for SRAM / ROM 
/ Flash (16 MbyteslBank; 8- or 32-Bit) 
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1.0 
ABOUTTHIS DOCUMENT 


This data sheet contains 
advance 
information 
about 
Intel's 
i960 RP I/O processor 
at 5 Volts (referred 
to 
as 80960RP 
33/5.C1j, including 
a functional 
overview, 
mechanical 
data 
(packa~e 
signal 
locations 
and 
simulated 
thermal characteristics), 
targeted 
electrical 
specifications 
(simulated), 
and 
bus 
functional 
waveforms. 
Detailed 
functional 
descriptions 
other 
than 
parametric 
performance 
is 
published 
in the 
i96cP RP Microprocessor 
User's Guide (272736). 


1.1 
Solutions!~60@Program 


'tntel's 
Solutions960<~ 
program 
features 
a 
wide 
variety 
of development 
tools which 
support 
the 1960 
processor 
family. 
Many of these tools are developed 
by partner 
companies; 
some are developed 
by Intel, 


such 
as 
profile-drlven 
optimizlng 
compilers. 
For 
more 
Information 
on these 
products, 
contact 
your 
local Intel representative. 


1960e RP 110 Processor 
at 5 Volts 


1.2 
Terminology 


In this document, 
the following 
terms are used: 


• local bus refers to the 80960RP 
33/5.0's 
Internal 


local bus, not the PCI local bus. 


• Primary and Secondary 
PCI buses are the 
80960RP 
33/5.0's 
intemal 
PCI buses which 
conform 
to PCI SIG specifications. 


• 80960 core refers to the 80960JF 
processor 
which 
Is Integrated 
Into the 80960RP 
33/5.0. 


1.3 
Additional Information Sources 


Intel documentation 
Is available 
from your local Intel 


Sales Representative 
or Intel Literature 
Sales. 


Intel Corporation 
Literature 
Sales 
P.O. Box 7641 
Mt. Prospect 
IL 60056-7641 
1-800-879-4683 


Table 
1. Related 
Documentation 


Document 
Title 
Order I Contact 


i96rJl' RP Microprocessor 
User's Guide 
Intel Order # 272736 


i96rJl' RP Processor: 
A Single-Chip 
Intelligent 
I/O Subsystem 
Intel Order # 272738 
Technical 
Brief 


i96CfB'Jx Microprocessor 
User's Guide 
Intel Order # 272483 


80960RP 
Specification 
Update 
Intel Order # 272918 


PCI Local Bus Specification 
Revision 2.1 
PCI Special 
Interest Group 
1-800-433-5177 


PCI-to-PCI 
Bridge Architecture 
Specification 
Revision 
1.0 
PCI Special 
Interest Group 1-800-433-5177 
Pc Peripherals 
for Microcontrol/ers 
Philips Semiconductor 


1.4 
Electronic Information 


Intel's 
World-Wide 
Web (WWW) 
Location: 
I 
http://www.lntel.com 
Customer 
Support 
(US and Canada): 
I 
800-628-8686 
FaxBack 
Service: 
US and Canada 
800-628-2283 
Europe 
+44(0)793-496646 
worldwide 
916-356-3105 
Application 
Bulletin 
Board 
Service: 
up to 14.4-Kbaud 
line, worldwide 
916-356-3600 
dedicated 
2400-baud 
line, worldwide 
916-356-7209 
- 
Europe 
+44(0) 793-496340 
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2.0 
FUNCTIONAL OVERVIEW 


As 
indicated 
in 
Figure 1, the 
80960RP 33/5.0 
combines many features with the 80960JF to create 
an intelligent I/O processor. Subsections following 
the figure briefly describe the main features; for 
detailed functional descriptions, refer to the i96rf!J 
RP Microprocessor 
User's Guide (272736). 


The PCI bus is an industry standard, high perfor- 
mance, low latency system bus that operates up to 
132 Mbyte/s. The 80960RP 33/5.0, a multi-function 
PCI device, is fully compliant with the PCI Local Bus 
Specification 
Revision 2.1. Function 0 is the PCI-to- 
PCI bridge unit; Function 1 is the address translation 
unit. 


The PCI-to-PCI bridge unit is the connection path 
between two independent 32-bit PCI buses and 
provides the ability to overcome PCI electrical load 
limits. The addition of the i960 core processor brings 
intelligence to the bridge. 


intet~ 


The 80960RP 33/5.0, object code compatible with 
the i960 core processor, is capable of sustained 
execution at the rate of one instruction per clock. 


The local bus, a 32-bit multiplexed burst bus, is a 
high-speed interface to system memory and I/O. A 
full complement of control signals simplifies. the 
connection 
of the 
80960RP 
33/5.0 to 
external 


components. Physical and logical memory attributes 
are 
programmed 
via 
memory-mapped 
control 


registers (MMRs), an extension not found on the 
i960 Kx, Sx or Cx processors. Physical and logical 
configuration. registers enable 
the 
processor 
to 


operate with all combinations of bus width and data 
object alignment. 


Local Memol)' 
12(; Serial Bus 
1/0 APIC Bus 
•• 
~ 


i96<fBlJF 
~•. 
~ 


Memol)' 
Core 
12C Bus 
1/0 APIC Bus 
Controller 
I 
Intemal I 
Processor 
Interface 
Unit 
Interface 
Unit 
Arbitration 


•• 
~ 
~ 
It. 


~ 
... 
Local Bus 
,. 
,. 
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; 
Prtrnary A'Fu 
+ 
~ 
-,..- 


,. Secondary 
ATU 


TwoDMA 
Address -. 
Message 
Address 
Translation 
Unit 
OneDMA 
Channels 
Unit 
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Unit 
t 
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~ 
. Bridge Unit 
~ 
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,.. 


Primal)' 
PCI Bus 
•• 
Secondary 
PCI Arbitration 
~ 
Unit 


Figure 1. 1960CI'J 
RP 1/0 Processor at 5 Volts Functional 
Block Diagram 
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2.1 
Key Functional Units 


2.1.1 
PCI-to-PCI Elrldge Unit 


The PCI-to-PCI bridge unit (referred to as "bridge") 
connects two independent PCI buses. it is fully 
compliant with the PC/-to-PC/ 
Bridge 
Architecture 
Specification 
Revision 1.0 published by the PCI 
Special Interest Group. It allows certain bus transac- 
tions on one PCI bus to be forwarded to the other 
PCI bus. Dedicated data queues support high perfor- 
mance bandwidth on the PCI buses. The i960® RP 
I/O Processor at 5 Volts supports PCI 64-bit Dual 
Address Cycle (DAC) addressing. 


The bridge has dedicated PCI configuration space 
that is accessibie through the primary PCI bus. 


2.1.2 
Private PCI Device Support 


A key design feature is that the 80960RP 33/5.0 
explicitly 
supports 
private 
PCI devices 
on 
the 
secondary PCI bus without being detected by PCI 
configuration 
software. The bridge and Address 
Translation 
Unit 
work 
together 
to 
hide 
private 
devices from PCI configuration cycles and allow 
these devices to use a private PCI address space. 
The Address Translation Unit uses normal PCI 
configuration cycles to configure these devices. 
. 


2.1.3 
DMA Controller 


The DMA Controller supports Iow-latency, high- 
throughput data transfers between PCI bus agents 
and 80960 local memory. Three separate DMA 
channels 
accommodate 
data transfers: 
two 
for 
primary PCI bus, one for the secondary PCI bus. 
The 
DMA 
Controller 
supports 
chaining 
and 
unaligned data transfers. It is programmable only 
through the i960 core processor. 


2.1.4 
Address Translation 
Unit 


The Address Translation Unit (ATU) allows PCI 
transactions direct access to the 80960RP 33/5.0 
local memory. The 
80960RP 33/5.0 has direct 
access to both PCI buses. The ATU supports trans- 
actions between PCI address space and 80960RP 
33/5.0 address space. 
IADVANCE 
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Address transiation is controlled through program- 
mable 
registers 
accessible 
from 
both 
the 
PCI 


interface and the 80960 core. Dual 
access to 
registers 
allows 
flexibility 
in 
mapping 
the 
two 
address spaces. 


2.1.5 
Messaging Unit 


The Messaging Unit (MU) provides data transfer 
between the PCI system and the 80960RP 33/5.0. it 
uses interrupts to notify each system when new data 
arrives. The MU has four messaging mechanisms. 
Each allows a host processor or external PCI device 
and the 80960RP 33/5.0 to communicate through 
message passing and.interrupt generation. The four 
mechanisms are Message Registers, Doorbell Reg- 
Isters, Circular Queues, and Index Registers. 


2.1.6 
Memory Controller 


The Memory Controller allows direct control 
of 


extemal memory systems, including DRAM, SRAM, 
ROM and Flash Memory. It provides a direct connect 
Interface to memory that typically does not require 
extemallogic. It features programmable chip selects, 
a wait state generator and byte parity. Extemal 
memory can be configured as PCI addressable 
memory or private processor memory. 


2.1.7 
12C Bus Interface Unit 


The 12C (Inter-Integrated Circuit) Bus Interface Unit 
allows the 80960 core to serve as a master and 
slave device residing on the 12C bus. The 12C bus is 
a serial bus developed by Philips Semiconductor 
consisting of a two pin interface. The bus allows the 
80960RP 33/5.0 to interface to other 12C peripherals 
and 
microcontrollers 
for 
system 
management 


functions. It requires a minimum of hardware for an 
economical system to relay status and reliability 
Information on the I/O subsystem to an extemal 
device. For more information, see /2C Peripherals 
for 
Microcontrol/ers 
(Phillps Semiconductor) 


2.1.8 
110 APIC Bus Interface Unit 


The 
I/O APIC 
Bus Interface 
Unit provides 
an 


interface to the three-wire Advanced Programmable 
Interrupt Controller (APIC) bus that allows I/O APIC 
emulation in software. Interrupt messages can be 
sent on the bus and EOI messages can be received. 
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2.1.9 
Secondary PCIArbitration Unit 


The Secondary PCI Arbitration Unit provides PCI 
arbitration for the secondary PCI bus. It includes a 
faimess algorithm with programmable priorities and 
six 
PCI 
Request and Grant signal 
pairs. This 
arbitration unit can also be disabled to allow for 
external arbitration. 


2.2 
i960 Core Features 
(80960JF) 


The processing power of the 80960RP 33/5.0 comes 
from the 80960JF processor core. The 80960JF is a 
new, scalar implementation of the 80960 Core Archi- 
tecture. Figure 2 shows a block diagram of the 
80960JF Core processor. 


PLL, Clocks, 
Power 
Mgmt 


Boundary 
Scan 
Controller 


8-Set 


Local Register 
Cache 


128 


Global! 
Local 


Register 
File 


SRC1 
SRC2 
DST 


Instruction 
Cache 
4 Kbyte Two-Way 
Set Associative 


Multiply 
Divide 
Unit 


2 Kbyte 
Direct Mapped 
Data Cache 
3 Independent 
32-611 SRQ1, SRC2, and DST Buses 
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Figure 2. 80960JFCore Block Diagram 


ADVANCE INFORMATION 


Factors 
that 
contribute 
to the 
80960 
family 
core's 
performance 
Include: 


• Single-clock 
execution 
of most Instructions 


• Independent 
Multiply/Divide 
Unit 


• Efficient 
Instruction 
pipeline 
minimizes 
pipeline 
break latency 


• Register 
and resource 
scoreboarding 
allow 


. overlapped 
Instruction 
execution 


• 128-bit register 
bus speeds 
local register caching 


• 4 Kbyte two-way 
set-associative, 
integrated 
instruction 
cache 


• 2 Kbyte direct-mapped, 
integrated 
data cache 


• 1 KbVte integrated 
data RAM delivers 
zero wait 
state program 
data 


The 
80960 
core 
operates 
out 
of 
its 
own 
32-bit 
address 
space, 
which 
is independent 
of the 
PCI 
address 
space. The local bus memory 
can be: 


• Made visible to the PCI address space 


• Kept private to the 80960 core 


• Allocated 
as a combination 
of the two 


2.2.1 
Burst 
Bus 


A 32-bit 
high-performance 
bus controller 
interfaces 
the 80960RP 
33/5.0 to external 
memory 
and periph- 
erals. The Bus Control 
Unit fetches 
instructions 
and 
transfers 
data on the local bus at the rate of up to 
four 32-bit words 
per six clock cycles. 
The external 
address/data 
bus is multiplexed. 


Users 
may 
configure 
the 
80960RP 
33/5.0's 
bus 
controller 
to 
match 
an 
application's 
fundamental 
memory 
organization. 
Physical 
bus 
width 
Is 
programmable 
for up to eight regions. 
Data caching 


is programmed 
through 
a group 
of logical 
memory 
templates 
and a defaults 
register. 
The Bus Control 
Unit's features 
Include: 


• Multiplexed 
extemal 
bus minimizes 
pin count 


• 32-,16- 
and 8-bit bus widths simplify 
1/0 interfaces 


• External 
ready control for address-to-data, 
data-to- 
data and data-to-next-address 
wait state types 


• Little endian 
byte ordering 


• Unaligned 
bus accesses 
performed 
transparently 


• Three-deep 
load/store 
queue decouples 
the bus 
from the 80960 core 
IADVANCE 
INFORMATION 
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Upon 
reset, 
the 
80960RP 
33/5.0 
conducts 
an 
Internal self test. Before executing 
Its first Instruction, 
It 
performs 
an 
external 
bus 
confidence 
test 
by 


performing 
a checksum 
on 
the 
first 
words 
of the 
Initialization 
Boot Record. 


2.2.2 
Timer 
Unit 


The timer unit (TU) contains 
two Independent 
32-bit 


timers that are capable 
of counting 
at several 
clock 


rates and generating 
interrupts. 
Each is programmed 
by use of the Timer 
Unit registers. 
These 
memory- 
mapped 
registers 
are addressable 
on 32-bit 
bound- 
aries. The timers have a single-shot 
mode and auto- 
reload 
capabilities 
for 
continuous 
operation. 
Each 
timer 
has an independent 
Interrupt 
request 
to the 
80960RP 
33/5.0's 
interrupt 
controller, 
The 
TU can 
generate 
a fault when unauthorized 
writes from user 


mode are detected. 


2.2.3 
Priority 
Interrupt 
Controller 


Low interrupt 
latency 
is critical 
to many 
embedded 


applications. 
As part 
of its highly 
flexible 
interrupt 


mechanism, 
the 
80960RP 
33/5.0 
exploits 
several 


techniques 
to minimize 
latency: 


• Interrupt vectors and interrupt handler 
routines can 
be reserved 
on-Chip 


• Register frames for high-priority 
interrupt 
handlers 
can be cached on-chip 


• The interrupt stack can be placed in cacheable 
memory space 


2.2.4 
Faults 
and Debugging 


The 80960RP 
33/5.0 employs 
a comprehensive 
fault 


model. The processor 
responds 
to faults 
by making 
Implicit calls to a fault handling 
routine. Specific 
infor- 


mation 
collected 
for 
each 
fault 
allows 
the 
fault 


handler 
to idiagnose 
exceptions 
and recover 
appro- 


priately. 


The processor 
also 
has built-In 
debug 
capabilities. 
Via 
software, 
the 
80960RP 
33/5.0 
may 
be 
conflgured 
to 
detect 
as 
many 
as 
seven 
different 
trace 
event 
types. 
Alternatively, 
mark 
and 
fmark 
instructions 
can 
generate 
trace 
events 
explicitly 
in 
the 
Instruction 
stream. 
Hardware 
breakpoint 
registers 
are also available 
to trap on execution 
and 
data addresses. 
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2.2.5 
On-Chip Cache and Data RAM 
/ 


Memory subsystems often impose substantial wait 
state 
penalties. The B0960RP 33/5.0 integrates 
considerable storage resources on-chip to decouple 
CPU 
execution 
from the 
external 
bus. 
It also 


includes a 4 Kbyte instruction cache, a 2 Kbyte data 
cache and 1 Kbyte data RAM. 


2.2.6 
Local Register Cache 


The B0960RP 33/5.0 rapidly allocates and deallo- 
cates local register sets during context switches. The 
processor needs to flush a register set to the stack 
only when it saves more than seven sets to its local 
register cache. 


2.2.7 
Test Features 


The 
B0960RP 
33/5.0 
incorporates 
numerous 
features that enhance the user's ability to test both 
the processor and the system to which it is attached. 
These 
features 
include 
ONCE 
(On-Circuit 
Emulation) mode and Boundary Scan (JTAG). 


The 80960RP 33/5.0 provides testability features 
compatible with IEEE Standard Test Access Port 
and Boundary Scan Architecture (IEEE Std. 1149.1). 


One of the· boundary scan instructions, HIGHZ, 
forces the processor to float all its output pins 
(ONCE mode). ONCE mode can also be initiated at 
reset without using the boundary scan mechanism. 


ONCE mode is useful for board-level testing. This 
feature allows a mounted 80960RP 33/5.0 to electri- 
cally "remove" itself from a circuit board. This mode 
allows system-level testing where a remote tester 
can exercise the processor system. 


The test logic does not interfere with component or 
system 
behavior 
and ensures that components 
function correctly, and also the connections between 
various components are correct. 


The JTAG Boundary Scan feature is an alternative 
to conventional "bed-of-nails" testing. It can examine 
connections that might otherwise be inaccessible to 
a test system. 
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2.2.8 
Memory-Mapped Control Registers 


The 80960RP 33/5.0 is compliant with B0960 family 
architecture 
and 
has 
the 
added 
advantage 
of 
memory-mapped, intemal control registers not found 
on the 80960Kx, Sx or Cx processors. This feature 
provides software an interface to easily read and 
modify intemal control registers. 


Each memory-mapped, 32-bit register is accessed 
via 
regular 
memory-format 
instructions. 
The 
processor ensures that these accesses 
do not 
generate external bus cycles. 


2.2.9 
Instructions, 
Data Types and Memory 
Addressing 
Modes 


As with all 80960 family processors, the 80960RP 
33/5.0 instruction set supports several different data 
types and formats: 


• Bit 
• Bit fields 
• Integer (B-, 16-,32-, 64-bit) 
• Ordinal (8-,16-,32-, 
64-bit unsigned integers) 
• Triple word (96 bits) 
• Quad word (128 bits) 


The 
80960RP 
33/5.0 
provides 
a 
full 
set 
of 
addressing modes for C and assembly: 


• Two Absolute modes 
• Five Register Indirect modes 
• Index with displacement mode 
• IP with displacement mode 


Table 2 shows the available Instructions. 
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Table 2. 80960RP 
33/5.0 Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit, Bit Field 
and Byte 


Load 
Add 
And 
Set Bit 


Store 
Subtract 
Not And 
Clear Bit 


Move 
Multiply 
And Not 
Not Bit 


Conditional 
Select 
Divide 
Or 
Alter Bit 


Load Address 
Remainder 
Exclusive 
Or 
Scan For Bit 


Modulo 
Not Or 
Span Over Bit 


Shift 
Or Not 
Extract 


Extended 
Shift 
- 
Nor 
Modify 
. 


Extended 
Multiply 
Exclusive 
Nor 
Scan Byte for Equal 


Extended 
Divide 
Not 
Byte Swap 
I 


Add with Carry 
Nand 


Subtract 
with Carry 


Conditional 
Add 


Conditional 
Subtract 


Rotate 


Comparison 
Branch 
CaillReturn 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 


Conditional 
Compare 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
and 
Compare 
and Branch 
Call System 


Increment 
Return 
Compare 
and 
Branch and Link 
Decrement 


Test Condition 
Code 


Check 
Bit 


Debug 
Processor 
Atomic 
Management 


Modify Trace Controls 
Flush Local Registers 
Atomic Add 


Mark 
Modify Arithmetic 
Atomic 
Modify 


Force Mark 
Controls 


Modify Process 
Controls 


Halt 


System Control 


Cache Control 


Interrupt 
Control 
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3.0 
PACKAGE INFORMATION 


3.1 
PackageIntroduction 


The i960® RP I/O Processor 
at 5 Volts is offered in a 
SuperBGA* 
Ball 
Grid 
Array 
(HL-PBGA) 
package. 
This 
is a perimeter 
array package 
with four rows of 
ball connections 
in the outer 
area 
of the package. 
See 
Figure 
4, 352L 
HL-PBGA 
Package 
Diagram 
(Bottom 
View) (pg. 22). 


Section 
3.1.1, 
Functional 
Signal 
Definitions 
describes 
signal 
function; 
Section 
3.1.2, 
352-Lead 
HL-PBGA 
Package 
(pg. 21) defines 
the signal 
and 
ball locations. 


3.1.1 
Functional 
Signal 
Definitions 


Table 3 presents 
the legend for interpreting 
the Type 
Field in the following 
tables. Table 4 defines 
signals 
associated 
with 
the 
bus interface. 
Table 
5 defines 
signals 
associated 
with 
basic 
control 
and 
test 
functions. 
Table 
6 defines 
signals 
associated 
with 
the Interrupt 
Unit. Table 7 defines 
PCI signals. Table 
8 defines 
Memory 
Controller 
signals. Table 9 defines 
DMA, APIC and 
12C signals. 
Table 
10 defines 
clock 
signals. 
Table 
11 defines 
ICE signals. 
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Table 3. Signal 
Type Definition 


Symbol 
Description 


I 
Input signal only. 


0 
Output signal only. 


I/O 
Signal can be either an input or output. 


OD 
Open Drain signal. 


- 
Signal must be connected 
as described. 


S( ...) 
Synchronous. 
Inputs must meet setup 
and hold times relative to S_CLK. 


S(E) Edge sensitive 
input 
S(L) Level sensitive 
input 


A (...) 
Asynchronous. 
Inputs may be 
asynchronous 
relative to S_CLK. 


A(E) Edge sensitive 
input 
A(L) Level sensitive 
input 


R (...) 
While the P_RST# 
signal is asserted, 
the signal: 


R(1) is driven to Vcc 
R(O) is driven to Vss 
R(Q) is a valid output 
R(Z) Floats 
R(H) is pulled up to Vcc 
R(X) is driven to an unknown 
state 


H (...) 
While the 80960RP 
33/5.0 is in the hold 
state, the signal: 


H(1) is driven to Vcc 
H(O) is driven to Vss 
H(Q) Maintains 
previous 
state or 
continues 
to be a valid output 
H(Z) Floats 


P( ...) 
While the 80960RP 
33/5.0 is halted, the 
signal: 


P(1) is driven to Vcc 
P(O) is driven to Vss 
P(Q) Maintains 
previous 
state or 
continues 
to be a valid output 


K( ...) 
While the Secondary 
PCI Bus is being 
parked, the signal: 


K(Z) Floats 
K(Q) Maintains 
previous 
state or 
continues 
to be a valid output 
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Table 
4. Signal 
Descriptions 
(Sheet 1 of 5) 


NAME 
TYPE 
DESCRIPTION 


AD31:0 
1/0 
ADDRESS 
I DATA BUS carries 32-bit physical 
addresses 
and 8-,16- 
or 32- 
Sell 
bit data to and from memory. 
During an address 
(Ta) cycle, bits 2-31 contain 
R(Z) 
a physical 
word address 
(bits 0-1 indicate 
SIZE; see below). 
During a data 
H(Z) 
(Td) cycle, read or write data is present on one or more contiguous 
by1es, 


pea) 
comprising 
AD31.:24, AD23:16, 
AD15:8 and AD7:0. 
During write operations, 


unused signals are driven to determlnate 
values. 


SIZE, which comprises 
bits 0-1 of the AD lines during a Ta cycle, specifies 


tne number of data transfers 
during the bus transaction 
on the local bus. 


When the DMA or ATUs initiate data transfers, 
transfsrslze 
shown below Is 
not valid. 


AD1 
ADO 
Bus Transfers 


• 0 
0 
1 Transfer 
0 
1 
2 Transfers 
1 
0 
3 Transfers 
1 
1 
4 Transfers 


When the 80960RP 
33/5.0 enters Halt mode and the previous 
bus operation 
was: 


• write - 
AD31:2 are driven with the last data value on the AD bus . 


• read - 
AD31:2 are driven with the last address 
value on the AD bus. 


Typically, 
AD1:0 reflect the SIZE information 
of the last bus transaction 
(either instruction 
fetch or load/store) 
that was executed 
before entering 
Halt 
mode. 


ADS# 
0 
ADDRESS 
STROBE 
indicates 
a valid address 
and the start of a new bus 


R(l) 
access. The processor 
asserts ADS# for the entire Ta cycle. External 
bus 
H(Z) 
control logic typically 
samples 
ADS# at the end of the cycle. 
P(l) 


ALE 
0 
ADDRESS 
LATCH 
ENABLE 
indicates 
the transfer 
of a physical 
address. 
R(O) 
ALE Is asserted during a Ta cycle and deasserted 
before the beginning 
of the 
H(Z) 
Td state. it is active HIGH and floats to a high impedance 
state during a hold 
P(O) 
cycle (Th)' 


BLASn 
0 
BURST 
LAST indicates 
the last transfer 
in a bus access. 
BlASn 
Is 
R(l) 
asserted 
in the last data transfer 
of burst and non-burst 
accesses. 
BlAST# 
H(Z) 
remains active while wait states are detected 
via the lRDYRCV# 
or 
P(l) 
RDYRCV# 
signal on the memory controller. 
BlAST# 
becomes 
inactive 
after 
the final data transfer 
in a bus cycle. BlAST# 
has a weak internal 
pullup 
which is active during reset to ensure 
normal operation 
when the signal 
is 


not connected. 
o = last 
Data Transfer 
1 = Not the last 
Data Transfer 
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Table 4. 
Signal Descriptions 
(Sheet 2 of 5) 


NAME 
TYPE 
DESCRIPTION 


BE3:0# 


I· 


o 
R(1) 
H(Z) 
P(1) 


BYTE ENABLES 
select which of up to four data bytes on the bus participate 
in the current bus access. 
Byte enable encoding 
depends 
on the bus width 
of the memory 
region accessed: 
32-bitbus: 
BE3# enables 
data on AD31 :24 
BE2# enables 
data on AD23:16 
BE1 # enables 
data on AD15:8 
BEO# enables 
data on AD7:0 


t6-bit bus: 
BE3# becomes 
Byte High Enable (enables data on AD15:8) 
BE2# is not used (state Is high) 
BE1# becomes 
Address 
Bit 1 (A1) 
(increments 
with the assertion 
of LRDY# or RDYRCV#) 
BEO# becomes 
Byte Low Enable (enables 
data on AD7:0) 
8-bit bus: 
BE3# is not used (state Is high) 
BE2# is not used (state is high) 
BE1 # becomes 
Address 
Bit.1 (A 1) 
(Increments 
with the assertion 
of LRDY# or RDYRCV#) 
BEO# becomes 
Address 
Bit 0 (AO) 
. 


(increments 
with the assertion 
of LRDY# or RDYRCV#) 


The processor 
asserts 
byte enables, 
byte high enable and byte low enable 
during Ta. Since unaligned 
bus requests 
are split into separate 
bus transac- 


tions, these signals do not toggle during a burst (32-bit bus only) from the 
1960 core processor; 
they do toggle for DMA and ATU cycles. They remain 
active through 
the last Td cycle. 


DEN# 
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o 
R(1) 
H(Z) 
P(1) 


DATA ENABLE 
Indicates data transfer cycles during a bus access. 
DEN# Is 
asserted 
at the start of the first data cycle in a bus access and deasserted 
at 
the end ofthe 
last data cycle. DEN# Is used with DT/R# to provide control for 
data transceivers 
connected 
to the data bus. DEN# has a weak Internal 
pullup which is active during reset tosnsure 
normal operation 
when the 
signal is not connected. 
o = Data Cycle 
1 = Not a Data Cycle 
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Table 
4. Signal 
Descriptions 
(Sheet 3 of 5) 


NAME 
TYPE 
DESCRIPTION 


D/C#/ 
I/O 
DAT AlCODElRESET 
_MODE 
indicates 
that a bus access 
is a data access 
RST_MODE# 
R(H) 
or an instruction 
access. 
D/C# has the same timing as W/R#. 


H(Z) 
o = Instruction 
Access 
P(Q) 
1 = Data Access 


The RST _MODE# 
signal is sampled 
at Primary 
PCI bus reset to determine 
whether 
the 80960 core is to be held in reset. When RST _MODE# 
Is high, 


the 80960RP 
33/5.0 begins initialization 
immediately 
following 
the 
deassertion 
of P_RST. When RST_MODE 
is low, the 89960 core remains 
in 
reset until the 80960 core reset bit is cleared 
in the extended 
bridge control 
register. 
This signal has a weak internal 
pullup that is active during reset to 
ensure normal operation 
when the signal is left unconnected. 


o = RST _MODE 
enabled 
1 = RST _MODE 
not enabled 


While the 80960 core is in reset, all peripherals 
may be accessed 
from the 
primary or secondary 
PCI buses depending 
on the status of the 
WIDTH/HL TD1/RETRY/ 
signal. 


DT/R# 
0 
DATA TRANSMIT 
I RECEIVE 
indicates 
the direction 
of data transfer 
to and 
R(O) 
from the address/data 
bus. It is low during Ta and Tv/Td cycles for a read; it 
H(Z) 
is high during Ta and Tv/Td cycles for a write. DT/R# never changes 
state 
P(Q) 
when DEN# is asserted. 


0= 
Receive 
~ 


1 = Transmit 


LOCK#/ONCE# 
1/0 
BUS LOCK indicates 
that an atomic read-modify-write 
operation 
is in 
S(L) 
progress. 
The LOCK# output is asserted 
in the first clock of an atomic 
R(H) 
operation 
and deasserted 
in the last data transfer 
of the sequence. 
The 
. 
H(Z) 
processor 
does not grant HOLDA while asserting 
LOCK#. This prevents 
P(Q) 
external agents from accessing 
memory 
involved 
in semaphore 
operations. 
o = Atomic 
Read-Modify-Write 
in Progress 
1 = No Atomic 
Read-Modify-Write 
in Progress 


ONCE MODE: The processor 
samples 
the ONCE input during reset. When 
ONCE# 
is asserted 
LOW at the end of reset, the processor 
enters ONCE 
mode, stops all clocks and floats all output Signals. LOCK#/ONCE# 
has a 
weak internal 
pull up which is active during reset to ensure normal operation 
when the signal is not connected. 
o = ONCE Mode Enabled 
1 = ONCE Mode Not Enabled 


LRDYRCV# 
0 
LOCAL 
READYIRECOVER, 
generated 
by the 80960RP 
33/5.0's 
memory 


R(1) 
controller 
unit, is an output version 
of the READY/RECOVER 
(RDYRCV#) 


H(Q) 
signal. 
Refer to the RDYRCV# 
signal description. 


P(Q) 
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Table 
4. Signal 
Descriptions 
(Sheet 4 of 5) 


NAME 
TYPE 
DESCRIPTION 


HOLD 
I 
HOLD Is a request from an external 
bus master to acquire 
the bus. When 
S(L) 
the processor 
receives 
HOLD and grants bus control to another 
master, 
it 
asserts 
HOLDA, 
floats the address/data 
and control lines and enters the Th 


state. When HOLD is deasserted, 
the processor 
deasserts 
HOLDA 
and 
enters either the Tj or Ta state, resuming 
control of the address/data 
and 
control lines. See Figure 31, HOLO/HOLDA 
Waveform 
For Bus Arbitration 
(pg. 61). 
o = No Hold Request 
1 = Hold Requested 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates 
to an external 
bus master that the 
R(O) 
processor 
has relinquished 
bus control. The processor 
can grant HOLD 
H(1) 
requests 
and enter the Th state and while halted as well as during 
regular 
P(O) 
operation. 
See Figure 31, HOLD/HOLDA 
Waveform 
For Bus Arbitration 
(pg. 


61). 
o = No Hold Acknowledged 
1 = Hold Acknowledged 


RDYRCV# 
I 
READY/RECOVER 
is only used in systems that use an external 
memory 
S(L) 
controller 
(and do not use the 80960RP 
33/5.0's 
memory 
controller 
unit). 


This signal indicates 
that data on AD lines can be sampled 
or removed. 
When ROYRCV# 
is not asserted 
during a Td cycle, the Td cycle extends 
to 
the next cycle by inserting 
a wait state (Tw). 
o = Sample 
Data 


" 


1 = Do Not Sample 
Data 


RDYRCV# 
has an alternate 
function 
during the recovery 
(Tr) state. The 
processor 
continues 
to insert recovery 
states until it samples 
the signal 


r 
HIGH. This gives slow external devices 
more time to float their buffers 
. 


before the processor 
drives addresses. 
o = Insert Wait States 
1 = Recovery 
Complete 


When using the internal 
memory 
controller, 
connect 
this signal to Vcc 
through 
a 2.7 Kohm resistor. 


WIR# 
0 
WRITElREAD 
specifies 
during a r a cycle whether 
the operation 
is a write or 
R(O) 
read. It is latched on-chip and remains valid during T d cycles. 
H(Z) 
0= 
Read 
P(O) 
1 = Write 


WIDTH/ 
I/O 
WIDTH denotes 
the physical 
memory 
attributes 
for a bus transaction 
In 
HLTDO 
R(H) 
conjunction 
with WIDTHIHL TD1/RETRY: 
H(Z) 
WIDTHlHL 
TD1/RETRY 
WIDTHIHL TOO 
P(O) 
0 
0 
8 Bits Wide 
0 
1 
16 Bits Wide 
1 
0 
32 Bits Wide 
1 
1 
Undefined 


WIDTHIHL TOO has a weak internal pullup which is active during reset to 
ensure normal operation 
when the signal is not connected. 


HLTOO signal name has no function 
in the 80960RP 
33/5.0; the signal name 


is included for 80960JF 
naming convention 
compatibility. 
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Table 
4. Signal 
Descriptions 
(Sheet 5 of 5) 


NAME 
TYPE 
DESCRIPTION 


WIDTHI 
VO 
WIDTH 
denotes the physical 
memory 
attributes 
for a bus transaction 
in 
HLTD11 
R(H) 
conjunction 
with the WIDTH/HLTDO 
signal. 
Refer to description 
above. 


RETRY 
- 
H(Z) 
RETRY is sampled 
at Primary PCI bus reset to determine 
when the Primary 
P(Q) 
PCI interface 
is disabled. 
When high, the Primary 
PCllnterface 
disables 
PCI 
configuration 
cycles by signaling a RETRY until the Extended 
Bridge Control 
Register's 
Configuration 
Cycle Disable bit is cleared. 
When low, the Primary 
PCI interface 
allows configuration 
cycles to occur. WIDTH/HL TD1/RETRY 
has a weak internal pullup which is active during reset to ensure 
normal 
operation 
when the signal is not connected. 


HL TD1 signal name has no function 
in the 80960RP 
33/5.0; the signal name 
is included for 80960JF 
naming convention 
compatibility. 


Table 5. Power 
Requirement, 
Processor 
Control 
and Test Signal 
Descriptions 
(Sheet 
1 of 2) 


NAME 
TYPE 
DESCRIPTION 


FAIL# 
0 
FAIL indicates 
a failure of the processor's 
built-in self-test 
performed 
during 
initial- 
R(O) 
ization. FAIL# Is asserted 
immediately 
upon reset and toggles 
during self-test 
to 
H(Q) 
indicate the status of individual 
tests: 


P(1) 
• When self-test 
passes, the processor 
deasserts 
FAIL# and commences 
operation 
from user code . 


• When self-test fails, the processor 
asserts 
FAIL# and then stops executing. 
Self- 
test failing does not cause the bridge to stop execution. 


0= Self Test Failed 
1 = Self Test Passed 


L_RST# 
0 
LOCAL 
BUS RESET notifies external devices that the local bus has reset. 


STEST 
I 
SELF TEST enables 
or disables 
the processor's 
internal self-test 
feature at initial- 
S(L) 
ization. STEST is examined 
at the end of P_RST#. 
When STEST 
is asserted, 
the 
processor 
performs 
its internal self-test 
and the external 
bus confidence 
test. When 
STEST is deasserted, 
the processor 
performs 
only the external 
bus confidence 
test. 


0= Self Test Disabled 
1 = Self Test Enabled 


TCK 
I 
TEST CLOCK 
is a CE'U input that provides the clocking 
function 
for IEEE 1149.1 
Boundary 
Scan Testing 
(JTAG). State information 
and data are clocked 
into the 
processor 
on the rising edge; data is clocked 
out of the processor 
on the falling edge. 


TDI 
I 
TEST DATA 
INPUT is the serial input signal for JTAG. TDI is sampled 
on the rising 
S(L) 
edge of TCK, during the SHIFT-IR 
and SHIFT-DR 
states of the Test Access 
Port. 


This signal has a weak internal pullup which is active during reset to ensure 
normal 
operation 
when the signal is not connected. 


TDO 
0 
TEST DATA OUTPUT 
is the serial output signal for JTAG. TDO is driven on the 
R(Q) 
falling edge of TCK during the SHIFT.-IR and SHIFT-DR 
states of the Test Access 
H(Q) 
Port. At other times, TDO floats. 


P(Q) 
- 
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Table 5. Power 
Requirement, 
Processor 
Control 
and Test Signal 
Descriptions 
(Sheet 2 of 2) 


NAME 
TYPE 
DESCRIPTION 


TMS 
I 
TEST MODE SELECT 
is sampled 
at the rising edge of TCK to select the operation 
of 
S(L) 
the test logic for IEEE 1149.1 Boundary 
Scan testing. This signal has a weak internal 


pullup which is active during reset to ensure normal operation 
when the signal is not 
connected. 


TRSn 
I 
TEST RESET asynchronously 
resets the Test Access 
Port (TAP) controller 
function 
A(L) 
of IEEE 1149.1 Boundary 
Scan testing (JTAG). When using the Boundary 
Scan 
feature, connect 
a pulldown 
resistor (1.5~ ohm) between 
this signal and Vss. When 
TAP is not used, this signal must be connected 
to Vss: however, 
no resistor 
Is 
required. 
The signal has a weak internal pullup which must be overcome 
during reset 
to ensure normal operation. 


Vee 
- 
POWER. 
Connect 
to a 5.0 Volt Vee board plane. 


Vss 
- 
GROUND. 
Connect 
to a Vss board plane. 


N.C. 
- 
NO CONNECT. 
Do not make electrical 
connections 
to these balls. 


VeePLL3:1 
I 
PLL POWER. 
For external connection 
to a 5 V Vee board plane. Power to PLLs may 
require external 
filtering. 


Table 
6. Interrupt 
Unit Signal 
Descriptions 


NAME 
TYPE 
DESCRIPTION 


NMI# 
I 
NON-MASKABLE 
INTERRUPT 
causes a non-maskable 
interrupt 
event to occur. 


A(L) 
NMI# is the highest priority interrupt source and is level-detect. 
When NMI# is 
unused, 
it is recommended 
that you connect 
it to Vee. 


S_I NT[A: 0)#/ 
I 
SECONDARY 
PCI BUS INTERRUPT1 
requests 
an interrupt. 
S_INTx# 
assertion 
XINT3:0# 
A(L) 
and deassertion 
is asynchronous 
to S_CLK. A device asserts S_INTx# 
when 
requesting 
attention from its device driver. When S_INTx# 
is asserted, 
it remains 
asserted 
until the device driver clears the pending 
request. 
S_INTx# 
Interrupts 
are level sensitive. 


, 
EXTERNAL 
INTERRUPT. 
External devices use this signal to request an interrupt 


. 
service. These signals operate in dedicated 
mode, where each signal is assignetl 
a: dedicated 
interrupt 
level. 


The S_INT[A:D)#/XINT3:0# 
signals can be directed 
as follows: 


I 
Sec. PCI 
Primary 
PCl 
80960 Core 
Processor 


S_INTA# 
:=} 
P_INTA# 
or 
XINTO# 


S_INTB# 
:=} 
P_INTB# 
or 
XINT1# 


S_INTC# 
:=} 
P_INTC# 
or 
XINT2# 


S_INTD# 
:=} 
P_INTD# 
or 
XINT3# 


XINT7:4# 
I 
EXTERNAL 
INTERRUPT. 
External devices use this signal to request an interrupt 
A(L) 
service. These signals operate in dedicated 
mode, where each signal is assigned 
a dedicated 
interrupt 
level. 


NOTE: 


1. PCI signal functions 
are summarized 
in this data sheet; refer to the PCI Local Bus Specification 
Revision 


2.1 for a more complete 
definition. 
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Table 7. PCI Signal 
Descriptions 
(Sheet 1 of 3) 


NAME 
TYPE 
DESCRIPTION1 


P_AD31:0 
110 
PRIMARY 
PCI ADDRESSIDATA 
is the primary multiplexed 
PCI address 
K(Q) 
and data bus. 
R(Z) 


P_CIBE3:0# 
110 
PRIMARY 
PCI BUS COMMAND 
and BYTE 
ENABLE 
signals are 
K(Q) 
multiplexed 
on the same PCI signals. 
During an address 
phase, 
R(Z) 
P_CIBE3:0# 
define the bus command. 
During a data phase, 
P_C/BE3:0# 


are used as byte enables. 


P_DEVSEL# 
110 
PRIMARY 
PCI BUS DEVICE 
SELECT 
is driven by a target agent that has 
K(Z) 
successfully 
decoded 
the address. 
As an input, it indicates 
whether 
or not 
R(Z) 
an agent has been selected. 


P_FRAME# 
110 
PRIMARY 
PCI BUS CYCLE 
FRAME 
is asserted 
to indicate 
the beginning 
K(Z) 
and duration 
of an access on the Primary 
PCI bus. 


R(Z) 


P_GNT# 
I 
PRIMARY 
PCI BUS GRANT 
indicates 
to the agent that access to the bus 
R(Z) 
has been granted. This is a point-to-point 
signal. 


P_IDSEL 
I 
PRIMARY 
PCI BUS INITIALIZATION 
DEVICE 
SELECT 
selects the 
S(L) 
80960RP 
33/5.0 during a Configuration 
Read or Write command 
on the 
primary 
PCI bus. 


P_INT[A:D]# 
0 
PRIMARY 
PCI BUS INTERRUPT 
requests 
an interrupt. 
The assertion 
and 
OD 
deassertion 
of P_INTx# 
is asynchronous 
to S_CLK. 
A device asserts 
its 
R(Z) 
P_INTx# 
line when requesting 
attention 
from its device driver. Once the 
P_INTx# signal is asserted, 
it remains asserted 
until the device driver 
clears the pending 
request. 
P_INTx# 
Interrupts 
are level sensitive. 


P_IRDY# 
.110 
PRIMARY 
PCI BUS INITIATOR 
READY 
indicates 
the initiating 
agent's 
K(Z) 
(bus master's) 
ability to complete 
the current data phase of the transaction.' 


R(Z) 


P_LOCK# 
I 
PRIMARY 
PCI BUS LOCK 
indicates 
an atomic operation 
that may require 
S(L) 
multiple transactions 
to complete. 


P_PAR 
110 
PRIMARY 
PCI BUS PARITY. 
This signal ensures 
even parity across 
K(Q) 
P_AD31:0 
and P_C/BE3:0. 
All PCI devices 
must provide 
a parity signal. 


R(Z) 


P_PERR# 
110 
PRIMARY 
PCI BUS PARITY 
ERROR 
is used for reporting 
data parity 
K(Z) 
errors during all PCI transactions 
except a special cycle. 
R(Z) 


P_REQ# 
0 
PRIMARY 
PCI BUS REQUEST 
indicates 
to the arbiter that this agent 
K(Q) 
desires 
use of the bus. This is a point to point signal. 


R(Z) 


NOTE: 


1. PCI signal functions 
are summarized 
in this data sheet; refer to the PCI Local Bus Specification 
Revision 
2.1 for a more complete 
definition. 
IADVANCE 
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Table 
7. 
PCI Signal 
Descriptions 
(Sheet 2 of 3) 


NAME 
TYPE 
DESCRIPTION1 


P_RST# 
I 
PRIMARY 
RESET brings 80960RP 
33/5.0 to a consistent 
state. When 
A(L) 
P_RST# 
is asserted: 


• PCI output signals are driven to a known consistent 
state. 


• PCI bus interface 
output signals are three-stated. 


• open drain signals such as P_SERR# 
are floated. 


• S_RST# 
asserts. 


P_RST# may be asynchronous 
to S_CLK when asserted 
or deasserted. 
Although 
asynchronous, 
deassertion 
must be guaranteed 
to be a clean, 
bounce-free 
edge. 


P_SERR# 
1/0 
PRIMARY 
PCI BUS SYSTEM 
ERROR 
reports address 
and data parity 
OD 
errors on the special cycle command, 
or any other system 
error where the 
K(Z) 
result would be catastrophic. 


R(Z) 


P_STOP# 
VO 
PRIMARY 
PCI BUS STOP indicates 
that the current target is requesting 
K(Z) 
the master to stop the current transaction 
on the primary 
PCI bus. 
R(Z) 


P_TRDY# 
VO 
PRIMARY 
PCI BUS TARGET 
READY 
indicates 
the target agent's 
K(Z) 
(selected 
device's) 
ability to complete 
the current data phase of the trans- 
R(Z) 
action. 


S_AD31:0 
VO 
SECONDARY 
PCI ADDRESSIDATA 
is the secondary 
multiplexed 
PCI 
R(O) 
address 
and data bus. A bus transaction 
consists 
of an address 
phase 
followed 
by one or more data phases. 


S_C/BE3:0# 
VO 
SECONDARY 
PCI BUS COMMAND 
and BYTE ENABLE 
signals are 
R(O) 
multiplexed 
on the same PCI.signals. 
During an address 
phase, 
S_C/BE3:0# 
define the bus command. 
During a data phase, S_C/BE3:0# 
are used as byte enables. 


S_DEVSEL# 
VO 
SECONDARY 
PCI BUS DEVICE 
SELECT 
is driven by a target agent that 
R(Z) 
has successfully 
decoded 
the address. 
As an input, it indicates 
whether 
or 
not an agent has been selected. 


S_FRAME# 
VO 
SECONDARY 
PCI BUS CYCLE 
FRAME is asserted 
to indicate 
the 
R(Z) 
beginning 
and duration 
of an access on the Secondary 
PCI bus. 


S_GNTO#I 
0 
SECONDARY 
PCI BUS GRANTO is a grant signal sent to device 
0 on the 
S_REQ# 
R(Z) 
secondary 
PCI bus when the internal Secondary 
PCI Bus Arbiter is 
enabled. 
SECONDARY 
PCI BUS REQUEST 
is the request signai for the 80960RP 
33/5.0 when the arbiter is disabled. 


S_GNT5:1# 
0 
SECONDARY 
PCI BUS GRANT 
are grant signals sent to devices 
1-5 on 
R(Q) 
the secondary 
PCI bus. 


S_IDSEL 
I 
SECONDARY 
PCI BUS INITIALIZATION 
DEVICE 
SELECT 
selects the 
S(L) 
80960RP 
33/5.0 during a Configuration 
Read or Write command 
on the 
secondary 
PCI bus. 


NOTE: 


1. PCI signal functions 
are summarized 
in this data sheet; refer to the PCI Local Bus Specification 
Revision 
2.1 for a more complete 
definition. 
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Table 7. PCI Signal 
Descriptions 
(Sheet 3 of 3) 


NAME 
TYPE 
DESCRIPTION1 


S- IRDY# 
I/O 
SECONDARY 
PCI BUS INITIATOR 
READY 
indicates 
the initiating 
agent's 
R(Z) 
(bus master's) 
ability to complete 
the current data phase of the transaction. 


S_LOCK# 
I/O 
SECONDARY 
PCI BUS LOCK 
indicates 
the need to perform 
an atomic 
R(Z) 
operation 
on the secondary 
PCI bus. 


S_PAR 
1/0 
SECONDARY 
PCI BUS PARITY. 
This signal ensures 
even parity across 
R(O) 
S_AD31:0 
and S_C/BE3:0. 
All PCI devices 
must provide 
a parity signal. 


S_PERR# 
I/O 
SECONDARY 
PCI BUS PARITY 
ERROR 
is used for reporting 
data parity 


R(Z) 
errors during all PCI transactions 
except a special cycle. 


S_REQO#I· 
I 
SECONDARY 
PCI BUS REQUESTO 
is a request signal from device 
0 on 
S_GNT# 
the secondary 
PCI bus when the internal 
Secondary 
PCI Bus Arbiter is 
enabled. 
SECONDARY 
PCI BUS GRANT 
is the grant signal for the 80960RP 
33/5.0 
when the arbiter is disabled. 


S_RST# 
0 
SECONDARY 
PCI BUS RESET is an output based on P_RST#. 
It brings 
R(Q) 
PC I-specific 
registers, 
sequencers, 
and signals to a consistent 
state. When 
P_RST# is asserted, 
it causes S_RST# 
to assert, and: 


• PCI output signals are driven to a known consistent 
state. 


• PCI bus interface 
output signals are three-stated. 


• open drain signals such as S_SERR# 
are floated. 


S_RST# 
may be asynchronous 
to S_CLK when asserted 
or deasserted. 


S_SERR# 
I/O 
SECONDARY 
PCI BUS SYSTEM 
ERROR 
reports address 
and data parity 
OD 
errors on the special cycle command, 
or any other system 
error where the 
R(Z) 
result would be catastrophic. 


S_STOP# 
I/O 
SECONDARY 
PCI BUS STOP indicates 
that the current target is 
R(Z) 
requesting 
the master to stop the current transaction 
on the secondary 
PCI 
bus. 


S_TRDY# 
I/O 
SECONDARY 
PCI BUS TARGET 
READY 
indicates 
the target agent's 
R(Z) 
(selected 
device's) 
ability to complete 
the current data phase of the trans- 


action. 


S_REQ4:1# 
I 
SECONDARY 
PCI BUS REQUEST 
4:1 are request signals from devices 
S(L) 
1-4 on the secondary 
PCI bus. 


S_REQ5#/ 
I 
SECONDARY 
PCI BUS REQUEST 
5 is the request signal from device 5 on 
S_ARB_EN 
S(L) 
the secondary 
PCI bus. 


SECONDARY 
PCI BUS ARBITER 
ENABLE 
defines the power-up 
status 
of the internal secondary 
arbitration 
unit. A valid high at the deassertion 
of 


P_RST# enables the internal 
secondary 
arbiter. A valid low at the 
deassertion 
of P_RST# 
disables 
the internal 
secondary 
arbiter. 


NOTE: 


1. PCI signal functions 
are summarized 
in this data Sheet; refer to the PCI Local Bus Specification 
Revision 


2.1 for a more complete 
definition. 
IADVANCE 
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Table 8. 
Memory 
Controller 
Signal Descriptions 
(Sheet 1 of 2) 


NAME 
TYPE 
DESCRIPTION 


CAS7:0# 
0 
COLUMN 
ADDRESS 
STROBE 
signals are used for DRAM accesses 
and are 
R(1) 
asserted 
when the MA 11 :0 signals contain a valid column address. 
CAS7:0# 
H(Q) 
signals are asserted 
during refresh. 


P(Q) 
Non-Interleaved 
Operation: 
CASO# = BEO# 
lane access 
CAS1# = BE1# 
lane access 
CAS2# = BE2# 
lane access 
CAS3# = BE3# 
lane access 


Interleaved 
Operation: 


CASO# = BEO# 
Even leaf lane access 
CAS1# = BE1# 
Even leaf lane access 
CAS2# = BE2# 
Even leaf lane access 
CAS3# = BE3# 
Even leaf lane access 
CAS4# = BEO# 
Odd leaf lane access 
CAS5# = BE1# 
Odd leaf lane access 
CAS6# = BE2# 
Odd leaf lane access 
CAS7# = BE3# 
Odd leaf lane access 


CE1:0# 
0 
CHIP ENABLE 
signals indicate an access to one of the two SRAM! 
FLASH! 
R(1) 
ROM memory 
banks. CEO# and CE1# are never asserted 
at the same time. 


H(Q) 
These signals are valid during the entire memory operation. 
CEO# is asserted 
P(Q) 
for accesses 
to memory 
bank O. CE1# is asserted 
for accesses 
to memory 
bank 1. 


DALE1:0 
0 
DRAM ADDRESS 
LATCH 
ENABLE 
signals support 
external 
address 
demul- 
R(O) 
tiplexing 
of the MA 11:0 address 
lines for interleaved 
DRAM systems. 
Use 
H(Q) 
these to directly interface to '373' type latches. These signals are only valid for 


P(Q) 
accesses 
to interleaved 
memory 
systems. 
DALEO is asserted 
during a valid 
even leaf address. 
DALE1 is asserted 
during a valid odd leaf address. 


DP3:0 
VO 
DATA PARITY carries the parity information 
for DRAM accesses. 
Each parity 
R(X) 
bit corresponds 
to a group of 8 data bus signals as follows: 
H(Q) 
DPO-AD7:0 
DP2-AD23:16 
P(Q) 
DP1 - 
AD15:8 
DP3 - 
AD31 :24 


The memory controller .generates parity information 
for local bus writes during 
data cycles. 
During read data cycles, the memory controller 
checks parity and 
provides 
notification 
of parity errors on the clock following 
the data cycle. 


Parity checking 
and polarity are user-programmable. 
Parity generation 
and 
checking 
are valid only for'data 
lines that have their associated 
enable 
bits 
asserted. 


DWE1:0# 
0 
DRAM WRITE ENABLE 
Signals distinguish 
between 
read and write accesses 
R(1) 
to DRAM. DWE1 :0# lines are asserted 
for writes and deasserted 
for reads. 


H(Q) 
CAS7:0# 
determine 
valid bytes lanes during the access. These two outputs 
P(Q) 
are functionally 
equivalent 
for all DRAM accesses; 
these provide increased 
drive capability 
for heavily loaded systems. 


LEAF1:0# 
0 
LEAF ENABLE 
signals control the data output enables of the memory system 
R(1) 
during an interleaved 
DRAM read access. 
Use these to directly 
interface 
to 
H(Q) 
either DRAM or transceiver 
output enable signals. 
LEAFO# is asserted 
during 
P(Q) 
an even leaf access. LEAF1 # is asserted 
during an odd leaf access. 
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Table 8. 
Memory 
Controller 
Signal 
Descriptions 
(Sheet 2 of 2) 


NAME 
TYPE 
DESCRIPTION 


MA11:0 
0 
MUL TIPLEXED 
ADDRESS 
signals are multi-purpose 
depending 
on the 
R(X) 
device that is selected. 
H(Q) 
For memory 
banks 0 and 1, these signals output address 
bits A13:2. These 


P(Q) 
address 
bits are incremented 
for each data transfer 
of a burst access. 


For DRAM bank, these signals output the row/column 
multiplexed 
address 
bits 11:0. The relationship 
between 
the AD31:0 
lines and the MA11:0 
lines 
depends 
on the bank size, type and arrangement 
of the DRAM that is 
accessed. 


MWE3:0# 
0 
MEMORY 
WRITE 
ENABLE 
signals for write accesses 
to SRAM/FLASH 
R(1) 
devices. 
The MWE's rising edge strobes valid data into these devices. 


H(Q) 
MWEO# is asserted 
for writes to the BEO# lane 
• 
P(Q) 
MWE1 # is asserted 
for writes to the BE1 # lane 
MWE2# is asserted 
for writes to the BE2# lane 
MWE3# is asserted 
for writes to the BE3# lane 


RAS3:0# 
0 
ROW ADDRESS 
STROBE 
signals are used for DRAM accesses 
and are 
R(1) 
asserted 
when'the 
MA 11:0 signals contain a valid row address. 
RAS3:0# 
H(Q) 
always deasserts 
after the last data transfer 
in a DRAM access. 
P(Q) 
Non-Interleaved 
Operation: 


RASO# = BankO access 
RAS1# = Bank1 access 
RAS2# = Bank2 access 
RAS3# = Bank3 access 


Interleaved 
Operation: 


RASO,2# = BankO access 
RAS1,3# = Bank1 access 


Table 9. 
DMA, APIC, 12C Units 
Signal 
Descriptions 
(Sheet 1 of 2) 


NAME 
TYPE 
DESCRIPTION 


DACK# 
0 
DMA DEMAND 
MODE ACKNOWLEDGE 
The DMA Controller 
asserts this 
R(1) 
signal to indicate 
(1) it can receive new data from an external 
device or (2) it 
H(Q) 
has data to send to an external 
device. 


P(Q) 
'<. 


DREQ# 
I 
DMA DEMAND 
MODE REQUEST 
External devices 
use this signal to indicate 
S(L) 
(1) new data is ready for transfer to the DMA controller 
or (2) buffers are 
available 
to receive data from the DMA controller. 
. 


PICCLK 
I 
APIC BUS CLOCK 
provides 
synchronous 
operation 
of the APIC bus. 


PICD1:0 
I/O 
APIC DA ~A lines comprise 
the data portion of the APIC 3-wire bus. 
OD 
R(Z) 
H(Q) 
P(Q) 
IADVANCE 
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Table 
9. DMA, APIC, 
12C Units 
Signal 
Descriptions 
(Sheet 2 of 2) 


NAME 
TYPE 
DESCRIPTION 


SCL 
'VO 
12C CLOCK 
provides 
synchronous 
12C bus operation. 
OD 
R(Z) 
H(Q) 
P(Q) 


SDA 
VO 
12C DATA used for data transfer 
and arbitration 
on the 12C bus. 
OD 
R(Z) 
H(Q) 
P(Q) 


WAIT# 
0 
WAIT is an output that allows the DMA controller 
to insert wait states during 
• 
R(1) 
DMA accesses 
to an external memory 
system, 
H(Q) 
P(Q) 


Table 
10. Clock 
Signal 


NAME 
TYPE 
DESCRIPTION 


S_CLK 
I 
SYNCHRONOUS 
PCI BUS CLOCK 
Provides the processor's 
fundamental 
time 
base. All input/output 
timings are relative to S_CLK. 


Table 
11. 
ICE Signal 
Descriptions 


NAME 
TYPE 
DESCRIPTION 


ICEADS# 
0 
ICE ADDRESSIDATA 
STATUS 
indicates a valid address and the start of a new 
bus access. 
ICEADS# 
is active for accesses 
to extemal 
microcode. 


ICEBRK# 
I 
ICE BREAK 
forces the processor 
to transition 
from emulation 
to interrogation 
mode. 


ICEBUS7:0 
VO 
ICE BUS is a bidirectional 
8-bit bus linking the processor 
and the emulator. 
Used in various 
modes. 


ICECLK 
0 
ICE CLOCK 
output signal to which all ICE bus signals are synchronized. 


ICELOCK# 
I 
ICE LOCK is sampled 
during 80960 core reset to protect 
ICE configuration. 


ICEMSG# 
I 
ICE MESSAGE 
signal used to acknowledge 
data from the processor 
to the 
emulator. 
Used only during interrogation 
mode. 


ICESEL# 
I 
ICESEL 
enables 
or disables 
the ICE unit. 


ICEVLD# 
0 
ICE VALID 
indicates 
the processor 
is driving the ICEBUS with valid data. 


MSGFRM# 
0 
ICE MESSAGE 
FRAME 
indicates 
that trace messages 
are being issued to the 
ICE BUS. Used in emulation 
mode only. 
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3.1.2 
352-L4!!ad HL-PBGA 
Package 
L- BodySize 
I. 
. 
35. 0.10 mm 


196()® 


• 
GC80960RP-33 
I 


XXXXXXXX A1 
XXXXXXXX 
XXX 
eo 19xx 
. 
" 
I 


~~ 


35±0.10mm 


Ball #1 Comer 


o 


Ball Footprint 


••... ---- 
31.75 mm -----~.~I 
1 
0.63 ± 0.07 mm 
----L- 
:;=~=~~~~C:Umr;;rotni;:;nrn:irtimitrtrn'trifJ---,- 
Package 
Height 


-I-- 0.91 ± 0.06 mm 


NOTES: 


1. 
All dimensions 
and tolerances 
conform 
to AN SI Y14.5M 
1982. 


2. 
All dimensions 
are in millimeters. 


3. 
Tin/Lead 
mix: 63%/37%. 


4. 
Pad plating 
method: 
Electrolytic. 


5. 
Encapsulant 
size: 22.38 x 22.38 mm (max). 


Figure 3. 352L HL-PBGA 
Package 
Diagram 
(Top and Side View) 
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Figure 4. 352L HL-PBGA 
Package 
Diagram 
(Bottom 
View) 
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Table 
12. 
352-Lead 
HL-PBGA 
Package 
- 
Signal 
Name Order 
(Sheet 1 of 4) 


Signal 
Ball # 


ADO 
A18 


ADl 
B18 


AD2 
C17 


AD3 
A17 


AD4 
B17 


AD5 
C16 


AD6 
A16 


AD7 
B16 


AD8 
C15 


AD9 
A15 


AD10 
B15 


ADll 
C14 


AD12 
A14 


AD13 
B14 


AD14 
C13 


AD15 
A13 


AD16 
B13 


AD17 
C12 


AD18 
A12 


AD19 
B12 


AD20 
Cll 


AD21 
All 


AD22 
Bll 


AD23 
Cl0 


AD24 
Al0 


AD25 
Bl0 


AD26 
C9 


AD27 
A9 


AD28 
B9 


AD29 
C8 


AD30 
A8 


AD31 
B8 


ADS# 
B21 


ALE 
C20 


BEO# 
A22 


BE1# 
B22 


BE2# 
C21 


BE3# 
A21 


BLAST# 
C23 


Signal 
Ball # 


CASO# 
Fl 


CAS1# 
F2 


CAS2# 
G3 


CAS3# 
Gl 


CAS4# 
G2 


CAS5# 
H3 


CAS6# 
Hl 


CAS7# 
H2 


CEO# 
L3 


CE1# 
Ll 


D/C#/RST _MODE# 
AF4 


DACK# 
AD3 


DALEO 
Ml 


DALEl 
M2 


DEN# 
A23 


DPO 
C2 


DPl 
03 


DP2 
01 


DP3 
02 


DREQ# 
AD2 


DT/R# 
B23 


DWEO# 
Kl 


DWE1# 
• 
K2 


FAIL# 
ADS 


HOLD 
Vl 


HOLDA 
V3 


ICEADS# 
ACl 


ICEBRK# 
AAl 


ICEBUSO 
V2 


ICEBUSl 
W3 


ICEBUS2 
Wl 


ICEBUS3 
W2 


ICEBUS4 
Y3 


ICEBUS5 
Yl 


ICEBUS6 
Y2 


ICEBUS7 
AA3 


ICECLK 
AB2 


ICELOCK# 
AB3 


ICEMSG# 
AA2 
IADVANCE 
INFORMATION 


Signal. 
Ball # 


ICESEL# 
AC2' 


ICEVLD# 
ABl 


LEAFO 
L2 


LEAFl 
M3 


LOCK#IONCE# 
AD4 


LRDYRCV# 
C19 


LRST# 
AD6 


MAO 
C7 


MAl 
A7 


MA2 
B7 


MA3 
C6 


MA4 
B6 


MA5 
CS 


MA6 
AS 


MA7 
B5 


MA8 
C4 


MA9 
B4 


MAlO 
C3 


MAll 
B3 


MSGFRM# 
AC3 


MWEO# 
J3 


MWE1# 
Jl 


MWE2# 
J2 


MWE3# 
K3 


NC 
A20 


NC 
AE4 


NC 
B20 


NC 
C18 


NMI# 
T3 


P_ADO 
AD24 


P_ADl 
AE23 


P_AD2 
AF23 


P_AD3 
AD23 


P_AD4 
AE22 


P_AD5 
AF22 


P_AD6 
AD22 


P_AD7 
AE21 


P_AD8 
AD21 


P_AD9 
AE20 
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Table 
12, 352·Lead 
HL·PBGA 
Package 
- 
Signal 
Name Order 
(Sheet 2 of 4) 


Signal 
Ball # 


P_AD10 
AF20 


P_AD11 
AD20 


P_AD12 
AE19 


P_AD13 
AF19 


P_AD14 
AD19 


P_AD15 
AE18 


P_AD16 
AE14 


P_AD17 
AF14 


P_AD18 
AD14 


P_AD19 
AE13 


P_AD20 
AF13 


P_AD21 
AD13 


P_AD22 
AE12 


P_AD23 
AF12 


P_AD24 
AF11 


P_AD25 
AD11 


P_AD26 
AE10 


P_AD27 
AF10 


P_AD28 
AD10 


P_AD29 
AE9 


P_AD30 
AF9 


P_AD31 
AD9 


P_C/BEO# 
AF21 


P_C/BE1# 
AF18 


P_C/BE2# 
AD15 


P_C/BE3# 
AE11 


P_DEVSEL# 
AF16 


P_FRAME# 
AF15 


P_GNT# 
AF8 


P_IDSEL 
AD12 


P_INTA# 
AF6 


P_INTB# 
AE6 


P_INTC# 
AD7 


P_INTD# 
AF7 


P_IRDY# 
AE15 


P_LOCK# 
AD17 


P_PAR 
AD18 


P_PERR# 
AF17 


P_REQ# 
AE8 


1-26 


Signal 
Ball # 


P_RST# 
AE7 


P SERR# 
AE17 


P_STOP# 
AE16 


P3RDY# 
AD16 


PICCLK 
U3 


PICDO 
T1 


PICD1 
T2 


RASO# 
E3 


RAS1# 
E1 


RAS2# 
E2 


RAS3# 
F3 


RDYRCV# 
B19' 


S_ADO 
AE24 


S_AD1 
AD25 


S_AD2 
AC24 


S_AD3 
AC26 


S_AD4 
AC25 


S_AD5 
AB24 


S_AD6 
AB26 


S_AD7 
AB25 


S_AD8 
AA26 


S_AD9 
AA25 


S_AD10 
Y24 


S_AD11 
Y26 


S_AD12 
Y25 


S_AD13 
W24 


S_AD14 
W26 


S_AD15 
W25 


S_AD16 
R25 


S_AD17 
P24 


S_AD18 
P26 


S_AD19 
P25 


S_AD20 
N24 


S_AD21 
N26 


S_AD22 
N25 


S_AD23 
M24 


S_AD24 
L24 


S_AD25 
L26 


S_AD26 
L25 


Signal 
Ball # 


S_AD27 
K24 


S_AD28 
K26 


S.-AD29 
K25 


S_AD30 
J24 


S_AD31 
J26 


S_C/BEO# 
AA24 


S_C/BE1# 
V24 


S_C/BE2# 
R26 


S_C/BE3# 
M25 


S_CLK 
F25 


S_DEVSEL# 
T24 


S_FRAME# 
R24 


S_GNTO#/S_REQ# 
H26. 


S_GNT1# 
G24 


S_GNT2# 
G25 


S_GNT3# 
F26 


S_GNT4# 
E26 


S_GNT5# 
024 


S_IDSEL 
M26 


S_INTA#/XINTO# 
N1 


S_INTB#/XINT1 
# 
N2 


S_INTC#/XINT2# 
P3 


S_INTD#/XINT3# 
P1 


S_IRDY# 
T25 


S_LOCK# 
. 
U26 


S_PAR 
V26 


S_PERR# 
U24 


S_REQO#/S_GNT# 
H24 


S_REQ1# 
H25 


S_REQ2# 
G26 


S_REQ3# 
F24 


S_REQ4# 
E24 


S_REQ5#/S_ARB_EN 
E25 


S_RST# 
J25 


S_SERR# 
V25 


S_STOP# 
U25 


S3RDY# 
T26 


SCL 
U1 


SDA 
U2 


ADVANCE 
INFORMATION I. 


Vcc 
A3 


VCC 
A24 


Vcc 
A25 


VCC 
A26 


VCC 
AA23 


VCC 
AB4 


Vcc 
AC6 


VCC 
AC8 


VCC 
AC10 


VCC 
AC12 


Vcc 
AC14 
Vcc 
AC16 


VCC 
AC18 


VCC 
AC20 
VCC 
AC22 
VCC 
A01 
VCC/VSS (1) 
A08 


VCC 
A026 
VCC 
AE1 


VCC 
AE2 


VCC 
AE25 


VCC 
AE26 
VCC 
AF1 


VCC 
AF2 


VCC 
AF3 


VCC 
AF24 
Vcc 
AF25 
VCC 
AF26 


VCC 
B1 


NOTES: 


1. 
Ball AD8 must be tied to either Vcc or VSS. 


VCC 
011 


VCC 
013 


Vcc 
015 


VCC 
017 
VCC 
019 
Vcc 
021 


Vcc 
E23 
Vcc 
F4 


VCC 
G23 


Vcc 
H4 


Vcc 
J23 


Vcc 
K4 


Vcc 
L23 
Vcc 
M4 
Vcc 
N23 
Vcc 
P4 


Vcc 
R23 
Vcc 
T4 


Vcc 
U23 


VCC 
V4 


Vcc 
W23 
Vcc 
Y4 
VCCPLL1 
A19 
VCCPLL2 
A6 
VCCPLL3 
A4 
Vss 
AA4 
Vss 
AB23 
Vss 
AC4 


Vss 
AC5 


ADVANCE 
INFORMATION 
I 


Vss 
AC23 


Vss 
04 


Vss 
06 
Vss 
08 
Vss 
010 


Vss 
012 
Vss 
014 
Vss 
016 


Vss 
018 
Vss 
020 
Vss 
022 
Vss 
023 
Vss 
E4 


Vss 
F23 
Vss 
G4 
Vss 
H23 
Vss 
J4 
Vss 
K23 
Vss 
L4 


Vss 
M23 


Vss 
N4 
Vss 
P23 
Vss 
R4 
Vss 
T23 
Vss 
U4 
Vss 
V23 
Vss 
W4 
Vss 
Y23 


W/R# 
C22 
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Table 12. 352·Lead HL·PBGA Package - 
Signal Name Order (Sheet 4 of 4) 


____ 
~S~ig=n~al----_+-B~a~II-#~1 
. 


XINT7# 
R2 
. 


Signal 
Ball # 


WAIT# 
N3 
WIDTH/HLTOO 
AF5 
WIOTH/HLT01/RETRY 
AE5 


1-28 


Signal 
Ball # 
XINT4# 
P2 


XINT5# 
R3 
XINT6# 
R1 


ADVANCE 
INFORMATION I 


intet~ 
i960@ RP I/O Processor 
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Table 
13. 
352·Lead 
HL·P8GA 
Plnout 
- 
8allpad 
Number 
Order 
(Sheet 1 of 4) 


8all# 
Signal 


A1 
Vcc 


A2 
Vcc 


A3 
Vcc 


A4 
VCCPLL3 


A5 
MA6 


A6 
VCCPLL2 


A7 
MA1 


A8 
AD30 


A9 
AD27 


Al0 
AD24 


All 
AD21 


A12 
AD18 


A13 
AD15 


A14 
AD12 


A15 
AD9 


A16 
AD6 


A17 
AD3 


A18 
ADO 


A19 
VCCPLL1 


A20 
NC 


A21 
BE3# 


A22 
BEO# 


A23 
DEN# 


A24 
Vcc 


A25 
Vcc 


A26 
Vcc 


81 
Vcc 


82 
Vcc 


83 
MA11 


84 
MA9 


85 
MA7 


86 
MA4 


87 
MA2 


88 
AD31 


89 
AD28 


8all # 
Signal 


810 
AD25 


811 
AD22 


812 
AD19 


813 
AD16 


814 
AD13 


815 
AD10 


816 
AD7 


817 
AD4 


818 
AD1 


819 
RDYRCV# 


820 
NC 


821 
ADS# 


822 
BE1# 


823 
DT/R# 


824 
TCK 


825 
Vcc 


826 
Vcc 


C1 
Vcc 


C2 
DPO 


C3 
MA10 


C4 
MA8 


C5 
MA5 


C6 
MA3 


C7 
MAO 


C8 
AD29 


C9 
AD26 


C10 
AD23 


C11 
AD20 


C12 
AD17 


C13 
AD14 


C14 
AD11 


C15 
AD8 


C16 
AD5 


C17 
AD2 


C18 
NC 
IADVANCE 
INFORMATION 


8all# 
Signal 


C19 
LRDYRCV# 


C20 
ALE 


C21 
BE2# 


C22 
W/R# 


C23 
BLASn 


C24 
TMS 


C25 
TRST# 


C26 
Vcc 


01 
DP2 


02 
DP3 


03 
DP1 


04 
Vss 


05 
Vcc 


06 
Vss 


07 
Vcc 


08 
Vss 


09 
Vcc 


010 
Vss 


011 
Vcc 


012 
Vss 


013 
Vcc 


014 
Vss 


015 
Vcc 


016 
Vss 


017 
Vcc 


\ 
018 
Vss 


019 
Vcc 


020 
Vss 


021 
Vcc 


022 
Vss 


023 
Vss 


024 
S_GNT5# 


025 
TOO 


026 
TOI 


E1 
RAS1# 
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Table 
13. 352-Lead 
HL-PBGA 
Pinout 
- 
Ballpad 
Number 
Order 
(Sheet 2 of 4) 


Ball # 
Signal 


E2 
RAS2# 


E3 
RASO# 


E4 
Vss 


E23 
Vcc 


E24 
S_REQ4# 


E25 
S_REQ5#/S_ARB_EN 


E26 
S_GNT4# 


F1 
CASO# 


F2 
·CAS1# 


F3 
RAS3# 


F4 
Vcc 


F23 
Vss 


F24 
S_REQ3# 


F25 
S_CLK 


F26 
S_GNT3# 


G1 
CAS3# 


G2 
CAS4# 


G3 
CAS2# 


G4 
Vss 


G23 
Vcc 


G24 
S_GNT1# 


G25 
S_GNT2# 


G26 
S_REQ2# 


H1 
CAS6# 


H2 
CAS7# 


H3 
CAS5# 


H4 
Vcc 


H23 
Vss 


H24 
S_REQO#/S_GNT# 


H25 
S_REQ1# 


H26 
S_GNTO#/S_REQ# 


J1 
MWE1# 


J2 
MWE2# 


J3 
MWEO# 


J4 
Vss 


1-30 


Ball # 
Signal 


J23 
Vcc 


J24 
S_AD30 


J25 
S_RST# 


J26 
S_AD31 


K1 
DWEO# 


K2 
DWE1# 


K3 
MWE3# 


K4 
Vcc 


K23 
Vss 


K24 
S_AD27 


K25 
S_AD29 


K26 
S_AD28 


L1 
CE1# 


L2 
LEAFO# 


L3 
CEO# 


L4 
Vss 


L23 
Vcc 


L24 
S_AD24 


L25 
S_AD26 


L26 
S_AD25 


M1 
DALEO 


M2 
DALE1 


M3 
LEAF1# 


M4· 
Vcc 


M23 
Vss 


M24 
S_AD23 


M25 
S_C/BE3# 


M26 
S_IDSEL 


N1 
S_INTA#/XINTO# 


N2 
S_INTB#/XINT1# 


N3 
WAIT# 


N4 
Vss 


N23 
Vcc 


N24 
S_AD20 


N25 
S_AD22 


Ball # 
Signal 


N26 
S_AD21 


P1 
S_INTD#/XINT3# 


P2 
XINT4# 


P3 
S_INTC#/XINT2# 


P4 
Vcc 


P23 
Vss 


P24 
S_AD17 


P25 
S_AD19 


P26 
S.:.AD18 


R1 
XINT6# 


R2 
XINT7# 


R3 
XINT5# 


R4 
Vss 


R23 
Vcc 


R24 
S FRAME# 


R25 
S_AD16 


R26 
S_C/BE2# 


T1 
PICDO 


T2 
PICD1 


T3 
NMI# 


T4 
Vcc 


T23 
Vss 


T24 
S_DEVSEL# 


T25 
S_IRDY# 


T26 
S3RDY# 


U1 
SCL 


U2 
SDA 


U3 
PICCLK 


U4 
Vss 


U23 
Vcc 


U24 
S_PERR# 


U25 
S_STOP# 


U26 
S_LOCK# 


V1 
HOLD 


V2 
ICEBUSO 


ADVANCE 
INFORMATION I 


i960® RP 1/0 Processor 
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Table 
13. 352-Lead 
HL-PBGA 
Plnout 
- 
Ballpad 
Number 
Order 
(Sheet 3 of 4) 


Ball # 
Signal 


V3 
HOLDA 


V4 
Vcc 


V23 
Vss 


V24 
S_C/BE1# 


V25 
S_SERR# 


V26 
S_PAR 


W1 
ICEBUS2 


W2 
ICEBUS3 


W3 
ICEBUS1 


W4 
Vss 


W23 
Vcc 


W24 
. S_AD13 


W25 
S_AD15 


W26 
S_AD14 


Y1 
ICEBUS5 


Y2 
ICEBUS6 


Y3 
ICEBUS4 


Y4 
Vcc 


Y23 
Vss 


Y24 
S_AD1O 


Y25 
S_AD12 


Y26 
S_AD11 


AA1 
ICEBRK# 


AA2 
ICEMSG# 


AA3 
ICEBUS7 


AA4 
Vss 


AA23 
Vcc 


AA24 
S_C/BEO# 


AA25 
S_AD9 


AA26 
S_AD8 


AB1 
ICEVLD# 


AB2 
ICECLK 


AB3 
ICELOCK# 


NOTES: 


1. 
Ball AD8 must be tied to either Vcc or Vss. 


Ball # 
Signal 


AB4 
Vcc 


AB23 
Vss 


AB24 
S_AD5 


AB25 
S_AD7 


AB26 
S_AD6 


AC1 
ICEADS# 


AC2 
ICESEL# 


AC3 
MSGFRM# 


AC4 
Vss 


AC5 
Vss 


AC6 
Vcc 


AC7 
Vss 


AC8 
Vcc 


AC9 
Vss 


AC10 
Vcc 


AC11 
Vss 


AC12 
Vcc 


AC13 
Vss 


AC14 
Vcc 


AC15 
Vss 


AC16 
Vcc 


AC17 
Vss 


AC18 
Vcc 


AC19 
Vss 


AC20 
Vcc 


AC21 
Vss 


AC22 
Vcc 


AC23 
Vss 


AC24 
S_AD2 


AC25 
S_AD4 


AC26 
S_AD3 


AD1 
Vcc 


AD2 
DREQ# 
IADVANCE 
INFORMATION 


Ball # 
Signal 


AD3 
DACK# 


AD4 
LOCK#IONCE# 


AD5 
FAIL# 


AD6 
LRST# 


AD7 
P_INTC# 


AD8 
VccNss 
(1) 


. AD9 
P_AD31 


AD10 
P_AD28 


AD11 
P_AD25 


AD12 
P_IDSEL 


AD13 
P_AD21 


AD14 
P~AD18 


AD15 
P_C/BE2# 


AD16 
P_TRDY# 


AD17 
P_LOCK# 


AD18 
P_PAR 


AD19 
P_AD14 


AD20 
P_AD11 


AD21 
P_AD8 


AD22 
P_AD6 


AD23 
P_AD3 


AD24 
P_ADO 


AD25 
S_AD1 


AD26 
Vcc 


AE1 
Vcc 


AE2 
Vcc 


AE3 
STEST 


AE4 
NC 


AE5 
WIDTH/HL TD1/RETRY 


AE6 
P_INTB# 


AE7 
P_RST# 


AE8 
P_REQ# 


AE9 
P_AD29 
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Table 
13. 352-Lead 
HL-PBGA 
Pinout 
- 
Ballpad 
Number 
Order 
(Sheet 4 of 4) 


Ball # 
Signal 


AE10 
P_AD26 


AE11 
P_C/BE3# 


AE12 
P_AD22 


AE13 
P_AD19 


AE14 
P_AD16 


AE15 
P_IRDY# 


AE16 
P_STOP# 


AE17 
P_SERR# 


AE18 
P_AD15 


AE19 
P_AD12 


AE20 
P_AD9 
. 


AE21 
P_AD7 


AE22 
P_AD4 


AE23 
P_AD1 


AE24 
S_ADO 


1-32 


Ball # 
Signal 


AE25 
Vcc 


AE26 
Vcc 


AF1 
Vcc 


AF2 
Vcc 


AF3 
Vcc 


AF4 
D/C#/RST _MODE# 


AF5 
WIDTH/HLTDO 


AF6 
P_INTA# 


AF7 
P_INTD# 


AF8 
P_GNT# 


AF9 
P_AD30 


AF10 
P_AD27 


AF11 
P_AD24 


AF12 
P_AD23 


AF13 
P_AD20 


Ball # 
Signal 


AF14 
P_AD17 


AF15 
P_FRAME# 


AF16 
P_DEVSEL# 


AF17 
P_PERR# 


"AF18 
P_CLBE1# 


AF19 
P_AD13 


AF20 
P_AD10 


AF21 
P_C/BEO# 


AF22 
P_AD5 


AF23 
P_AD2 


AF24 
Vcc 


AF25 
Vcc 


AF26 
Vcc 
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3.2 
PackageThermal Specifications 


The device is specified for operation when Tc (case 
temperature) is within the range of 0° C to 115° C. 
Case 
temperature 
may 
be 
measured 
in 
any 
environment to determine whether the processor is 
within specified operating range. Measure the case 
temperature 
at the 
center 
of the 
top surface, 
opposite the ballpad. 


3.2.1 
Thermal Specifications 


This section defines the terms used for thermal 
analysis. 


3.2.1.1 
Ambient Temperature 


Amblent temperature, TA, is the temperature of the 
ambient air surrounding the package. In a system 
environment, ambient temperature is the temper- 
ature of the air upstream from the package. 


3.2.1.2 
Case Temperature 


To ensure functionality and reliability, the device is 
specified 
for 
proper 
operation 
when 
the 
case 
temperature, Tc- is within the specified range in 
Table 16. 


When measuring case temperature, attention to 
detail is rsqutrsd to ensure accuracy. If a thermo- 
couple is used, calibrate i before taking measure- 
ments. 
Errors may 
result when 
the 
measured 
surface temperature is affected by the surrounding 
ambient air temperature. Such errors may be due to 
a 
poor 
thermal 
contact 
between 
thermocouple 
junction and the surface, heat loss by radiation, or 
conduction through thermocouple leads. 


To minimize measurement errors: 
• Use' a 35 gauge K-type thermocouple or equiv- 
alent. 


• Attach the thermocouple bead or junction to the 
package top surface at a location corresponding to 
the center of the die (Figure 5). The center of the 
die gives a more accurate measurement and less 
variation as the boundary condition changes. 
IADVANCE 
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• Attach the thermocouple bead or junction at a 90° 
angle by an adhesive bond (such as thermal epoxy 
or heat-tolerant tape) to the package top surface 
as shown in Figure 5. When a heat sink is 
attached, drill a hole through the heat sink to allow 
contact with the package above the center of the 
die. The hole diameter should be no larger than 
3.8 mm as shown in Figure 6. 


Thermocouple Wire"" 


Thermocouple Bead 


Epoxy Fillet"'-.... 


Figure 5. Thermocouple 
Attachment - 
No Heat Sink 


Thermocouple 
'iWI Jljj'"k 


Figure 6. Thermocouple 
Attachment - 
With Heat Sink 


3.2.1.3 
Thermal Resistance 


The 
thermal 
resistance 
value 
for 
the 
case-to- 
ambient, SCA'is used as a measure of the cooling 
solution's thermal performance. 
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3.2.2 
Thermal Analysis 


This thermal analysis Is based on the following 
assumptions: 
• Power dissipation is a constant 8 W. 
• Maximum case temperature is 115° C. 


Table 14 lists the case-to-amblent thermal rests- 
tances of the 80960RP for different air flow rates 
with and without a heat sink. 


To calculate TA. the maximum ambient temperature 
to conform to a particular case temperature: 


intelGl 


Junction temperature (TJ) is commonly used In 
reliability calculations. TJ can be calculated from SJC 
(thermal resistance from junction to case) using the 
following equation: 


Similarly. when TA is known. the corresponding case 
temperature (Tcl can be calculated as follows: 


TC = TA + P (SCA) 


The SJA(Junction to Ambient) for this package Is 
currently estimated at 9.35° C/Watt with no airflow. 


SJA= SJC+ sCA 


TA = TC - P (SCA) 


Compute P by multiplying lee (from Table 18) and 
Vcc. 
The 
device 
is specified 
for 
operation 
at 
Vcc = 5.0 V ±5% at 33.33 MHz. Values for SJCand 
SCAare given in Table 14. 


Table 14. 352·Lead HL·PBGA Package Thermal Characteristics 


Thermal Resistance - 
°C/Watt 


Airflow - 
ftJmln (m/sec) 
Parameter 
0 
50 
100 
200 
300 
400 
600 
800 
(0) 
(0.25) 
(0.50) 
(1.01) 
(1.52) 
(2.03) 
(3.04) 
(4.06) 


SJC(Junction-to-Case) 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 


SCA(Case-to-Ambient) 
8.75 
7.42 
6.58 
6.11 
5.79 
5.61 
5.49 
5.47 
Without Heatsink 


SCA(Case-to-Ambient) 
7.31 
6.00 
5.21 
4.80 
4.52 
4.37 
4.26 
4.23 
With Heatsin~ 


~ 
:7 


t; 
NOTES. 


1. 
This table applies 
to a HL-PBGA 
device soldered 
directly 
onto a board. 


2. 
See Table 
15 for heatsink 
information. 


1-34 
ADVANCE 
INFORMATION I 


2021 West 'valley View Lane 


- ------ .. _- ----- 
--.~-..,.-.- 
··· ...····_ ....•1· 
".......•........., 


BGA Clip: 20812-2 
use with BGA Clip and 
Dallas, TX 75234-8993 
Parker Chromerics 
Tel: (214) 243-4321 
Thermflow 
tape 
FAX: (214) 241-4656 


Parker Chromerics 
n05 
NA 
Thermflow 
tape; 
77 Dragon Court 
use with Thermalloy 
BGA 
Woburn, 
MA 01888 
Clip 
Tel: (617) 935-4850 
FAX: (617) 933-4318 


AAVID 
Thermal 
Technologies, 
Inc. 
Heatsink: 
40.5 X 40 X 11 
AAVID Heatsink; 


One Kool Path 
364424BOO032 
use with pre-applied 
thermal 
P.O. Box 400 
adhesive 
tape 
Laconia, 
N.H. 13247-Q400 
(Ther-A-Grip) 
Tel: (603) 528-3400 
FAX: (603) 527-2129 


IADVANCE 
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4.0 
ELECTRICAL SPECIFICATIONS 
NOTICE: 
This data sheet contains 
information 
on 


products 
in the sampling 
and initial production 
phases of development. 
The specifications 
are 
subject to change without 
notice. Contact 
your 
locallntel 
representative 
before finalizing 
a design. 


twARNING: 
Stressing 
the device beyond 
the 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage. 
These are stress ratings only. 


Operation 
beyond the "Operating condtuons: is not 
recommended 
and extended 
exposure 
beyond 
the 


"Operating conamcas: may affect device reliability. 


Parameter 
Maximum 
Rating 


4.1 
Absolute Maximum Ratings 


Storage 
Temperature 


Case Temperature 
Under Bias 


Supply 
Voltage 
wrt. Vss 


Voltage 
on Any Ball wrt. Vss 


-55° C to + 125° C 


0° C to + 115° C 


-0.5 V to + 6.5 V 


-0.5 V to Vcc + 0.5 V 


Table 16. 
Operating 
Conditions 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VCC 
Supply Voltage 
4.75 
5.25 
V 


FS ClK 
Input Clock Frequency 
16 
33.33 
MHz 


Tc 
Case Temperature 
Under Bias 
GC80960RP 
(352 HL-PBGA) 
0 
115 
°c 
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4.2 
Targeted DC Specifications 


Table 17. 
DC Characteristics 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 
(1) 


VIH 
Input High Voltage 
2.0 
Vcc + 0.5 
V 
(1) 


VOL1 
Output 
Low Voltage 
Processor 
signals 
0.45 
V 
IOL= 6 mA (3) 


VOH1 
Output 
High Voltage 
Processor 
signals 
2.4 
. 
V 
IOH= -2 mA (3) 
Vcc - 0.5 
IOH= -200 !LA (3) 


VOL2 
Output 
Low Voltage 
PCI signals 
0.55 
V 
IOL= 6 mA (1) 


VOH2 
Output 
High Voltage 
PCI signals 
2.4 
V 
IOH= -2 mA (1) 


VOL3 
Output Low Voltage Memory Controller 
0.45 
V 
IOL= 6 mA (4) 
Normal drive 


VOH3 
Output 
High Voltage 
Memory 
2.4 
V 
IOH= -2 mA (4) 
Controller 
Normal drive 


VOL4 
Output Low Voltage Memory Controller 
0.45 
V 
IOL=7 
mA 
High Drive 


VOH4 
Output 
High Voltage 
Memory 
2.4 
V 
IOH= -2 mA 
Controller 
High Drive 


VOL5 
Output 
Low Voltage APIC Data Lines 
0.45 
V 
IOL=20 
mA 


CIN 
lnput Capacitance 
- HL-PBGA 
10 
pF 
Fs CLK = TF Min (1, 2) 


Co UT 
1/0 or Output 
Capacitance 
- HL-PBGA 
10 
pF 
FS_CLK= TF Min (1, 2) 


CCLK 
S_CLK Capacitance 
- HL-PBGA 
5 
12 
pF 
Fs CLK = TF Min (1, 2) 


CIDSEL 
IDSEL Ball Capacitance 
8 
pF 
(1) 


LplN 
Ball Inductance 
20 
nH 
(1) 


NOTES: 
1. As required by the PCI Local Bus Specification 
Revision 2.1. 
2. Not tested. 
3. Processor signals include AD31:0, ALE, ADS#, BE3:0#, WIDTHlHLTDO,WIDTH/HLTD1IRETRY, D/C#/RST _MODE#, 
W/R#, 
DT/R#, DEN#, BLAST#, LRDYRCV#, LOCK#IONCE#, HOLD, FAIL#, TDO, DACK#, WAIT#, SDA, SCL. 


4. Memory Controller signal!, include MAll :0, DP3:0, RAS3:0#, CAS7:0#, MWE3:0#, DWE1:0#, DALE1:0, CE1:0#, 
LEAP1:0#. 
5. Memory Controller signals capable of high drive areMA11 :0, CAS7:0#, RAS3:0#, DWE1:0#. 
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Table 
18. 
lee Characteristics 


Symbol 
Parameter 
Typ 
Max 
Units 
Notes 


ILl1' 
Input Leakage 
Current for each signal except 
±5 
ItA 
0:5 VIN :5Vcc 
LOCK#/ONCE#, 
WIDTH/HL TDO, 
WIDTH/HL T01/RETRY, 
BLAST#, 
D/C#/RST _MODE#, 
DEN#,TMS, 
TRST#, TOI, 


ILl2 
Input Leakage 
Current for LOCK#IONCE#, 
-140 
-250 
I1A 
VIN = 0.45 V (1) 
WIDTH/HL TOO, WIDTH/HL TD1/RETRY, 
BLAST#, 
D/C#/RSr 
_MODE#, 
DEN#, TMS, 
TRST#, 
TDI 


ILO 
Output 
Leakage 
Current 
, 
±5 
I1A 
0.4:::; VOUT:::; Vcc 


lee Active 
Power Supply Current 
1.52 
A 
(1,2) 
(Power 
Supply) 


'cc Active 
Thermal 
Current 
1.28 
A 
(1,3) 
(Thermal) 


" 


lee Active 
Reset Mode 
1.09 
A 
(4) 
(Power 
Modes) 
ONCE Mode 
0.25 
(4) 


NOTES: 


1. 
Measured 
with device 
operating 
and outputs 
loaded to the test condition 
in Figure 7. 


2. 
lec Active 
(Power 
Supply) 
value 
is provided 
for selecting 
your system's 
power supply. 
It is measured 
using one of the 
worst case instruction 
mixes with Vee = 5.25 V and ambient 
temperature 
= 45 
0 C. This parameter 
is characterized 
but 
not tested. 


3. 
Ice Active 
(Thermal) 
value 
is provided' for your system's 
thermal 
management. 
Typicallcc 
is measured 
with Vcc = 5.0 V 
and ambient 
temperature 
= 45 
0 C. This parameter 
is characterized 
but not tested. 


4. 
Icc Test (Power 
modes) 
refers to the lee values that are tested when the device 
is in Re.set mode or ONCE 
mode with 
Vce = 5.25 V and ambient 
temperature 
= 45 
0 C. 
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TCH 
S_CLK 
High Time 
12 
ns 
Measured 
at '1.5 V (2,3) 


TCL 
S_CLK 
Low Time 
12 
ns 
Measured 
at 1.5 V (2,3) 


TeA 
S_CLK 
Rise Time 
4 
V/ns 
0.4 V to 2.4 V (2,3) 


TCF 
S_CLK 
Fall Time 
4 
V/ns 
2.4 V to 0.4 V (2,3) 


NOTES: 


1. 
See Figure 8. 


2. 
To ensure 
a 1:1 relationship 
between 
the amplitude 
of the input jitter and the internal 
clock, 
the jitter frequency 
spectrum 
should 
not have any power peaking 
between 
500 KHz and 1/3 of the S_CLK 
frequency. 


3. 
Not tested. 


Table 20. Synchronoul! 
Output Timings 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TOV1 
Output Valid Delay - All Signals 
Except ALE Inactive 
3 
15.5 
ns 
(1,2) 
and DT/R# 


TOV2 
Output Valid Delay, DT/R# 
0.5 Tc +3 
0.5Tc+15 
ns 
(2) 


TOV3 
Output Valid Delay - PCI Signals 
Except P_REQ#, 
2 
12 
ns 
(2) 
S_GNTO#/S_REQ#, 
and S_GNT5:1# 


TOV4 
Output Valid Delay P_REQ#, 
S_GNTO#/S_REQ#, 
2 
12 
ns 
(2) 
and S_GNT5:1# 


Tovs 
Output 
Valid Delay - DP3:0 
3 
19 
ns 
(2) 


TOF 
Output 
Float Delay 
3 
13 
ns 
(3,4) 


NOTES: 


1. 
Inactive 
ALE refers to the falling edge of ALE. For inactive 
ALE timings, 
see Table 22, Relative 
Output 
Timings 
(pg. 39). 


2. 
See Figure 9, TOV Output 
Delay Waveform 
(pg. 45). 


3. 
A float condition 
occurs when the output current becomes 
less than ILO• Float delay is not tested, 
but is designed 
to be no 
longer than the valid delay. 


4. 
See Figure 
10, T OF Output 
Float Waveform 
(pg. 45). 
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Table 21. 
Synchronous 
Input 
Timings 


Sym 
Parameter 
Min 
Max 
Units 
Notes 


TIS1 
Input Setup to S_CLK - 
A031 :0, NMI#, XINT7:4#, 
7 
ns 
(1,2,4) 


S_INT[A:O]#/XINT3:0#, 
OP3:0# 


TIHl 
Input Hold from S_CLK - 
A031 :0, NMI#, XINT7:4#, 
2 
ns' 
(1,2) 
S_INT[A:O]#/XINT3:0#, 
OP3:0# 


TIS2 
Input Setup to S_CLK - 
ROYRCV# 
and HOLD 
10 
ns 
(2) 


TIH2 
Input Hold from S_CLK - 
ROYRCV# 
and HOLD 
2 
ns 
(2) 


TIS3 
Input Setup to S_CLK - 
LOCK#/ONCE#, 
STEST 
7 
ns 
(1,2) 


TIH3 
Input Hold from S_CLK - 
LOCK#/ONCE#, 
STEST 
3 
ns 
(1,2) 


TIS4 
Input Setup to S_CLK - 
OREQ# 
12 
ns 
(2) 


TIH4 
Input Hold from S_CLK - 
OREQ# 
7 
ns 
(2) 


TIS5 
Input Setup to S_CLK - 
PCI Signals 
Except P_GNT#, 
8 
ns 
(2,4) 
S_REQO#/S_GNT#, 
and S_REQ5:1# 


TIH5 
Input Hold fr?m S_CLK - 
PCI Signals 
0 
ns 
(2,4) 


TIS6 
Input Setup to S_CLK - 
P_RST# 
6 
ns 
(2,3) 


TIH6 
Input Hold to S_CLK - 
P_RSn 
2 
ns 
(2,3) 


TIS7 
Input Setup to S_CLK - 
P_GNT# 
10 
ns 
(2) 


TIS8 
Input Setup to S_CLK - 
S_REQO#/S_GNT# 
and S_REQ5:1# 
12 
ns 
(2) 


TIS9 
Input Setup to P_RST#- 
7 
ns 
(1,2,4) 
WIDTH/HL TOO, WIOTH/HLT01/RETRY, 
O/C#/RST _MOOE# 


TIH9 
Input Hold from P_RST#- 
3 
ns 
(1,2,4) 
WIOTH/HL TOO, WIOTH/HLT01/RETRY, 
O/C#/RST _MOOE# 


NOTES: 
1. Setup and hold times must be met for proper processor operation. NMI#, XINT7:4#, and S_INT[A:D]#/XINT3:0# may be 
synchronous or asynchronous. Meeting setup and hold time guarantees recognition at a particular clock edge. 
For asynchronous operation, NMI#, XINT7:4#, and S_INT[A:D]#/XINT3:0# must be asserted for a minimum of two S_CLK 
periods to guarantee recognition. 


2. See Figure 11, T1S and TIH Input Setup and Hold Waveform (pg. 46). 
3. P_RST# may be synchronousor asynchronous.Meetingsetup and holdtime guaranteesrecogn~ionat a particularclock edge. 
4. Guaranteed by design. May not be 100% tested. 
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4.3.1 
Relatlvp 
Output 
Timings 


Table 22. 
Relative 
Output 
Timings 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TLXL 
ALE Width 
0.5Tc-3 
ns 
(1.2) 


TU(A 
Address 
Hold from ALE Inactive 
0.5Tc-3 
ns 
Equal Loading 
(1, 2) 


Toxo 
DT/R# Valid to DEN# Active 
0.5Tc-3 
ns 
Equal Loading 
(1, 3) 


NOTES: 


1. 
Guaranteed 
by design. 
May not be 100% tested. 


2. 
See Figure 
12. 


3. 
See Figure 
13. 


4.3.2 
Memory 
Controller 
Relative 
Output 
Timings 


Table 23. 
Fast Page Mode Non-Interleaved 
DRAM Output 
Timings 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TOV6 
RAS3:0# 
Rising and Failing edge Output Valid 
2 
10 
ns 
Delay 


TOV7 
CAS7:0# 
Rising Edge Output Valid Delay 
2 
10 
ns 


Tovs 
CAS7:0# 
Failing Edge Output Valid Delay 
0.5Tc+2 
0.5Tc+10 
ns 
1 


TOV9 
MA 11 :0 Output Valid Delay-Row 
Address 
0.5Tc+2 
0.5Tc+11 
ns 
1 


TOVlO 
MA 11:0 Output Valid Delay-Column 
Address 
2 
12.5 
ns 


TOV11 
DWE1 :0# Rising and Failing edge Output Valid 
2 
11 
ns 
Delay 


NOTES: 


1. 
Signal 
generated 
on the rising edge of an internally 
generated 
2XCLK 
which corresponds 
to the center 
of an S_CLK 
period. 
For testing 
purposes, 
the signal is specified 
relative to the rising edge of S_CLK with the 0.5Tc period 
offset. 


Table 24. 
Fast Page Mode Interleaved 
DRAM Output 
Timings 
(Sheet 
1 of 2) 


Symbol· 
Description 
Mln 
Max 
Units 
Notes 


TOV12 
RAS3:0# 
Rising and Failing edge Output Valid 
2 
10 
ns 
Delay 


TOV13 
CAS7:0# 
Rising Edge Output Valid Delay 
2 
10 
ns 


TOV14 
CAS7:0# 
Failing Edge Output Valid Delay 
0.5Tc+2 
0.5Tc+10 
ns 
1 


TOV15 
MA 11:0 Output Valid Delay-Row 
Address 
0.5Tc+2 
0.5Tc+11 
ns 
1 


TOV16 
MA 11:0 Output 
Valid Delay-Column 
Address 
2 
12.5 
ns 


NOTE: 


1. 
Signal 
generated 
on the rising edge of an internally 
generated 
2XCLK 
which corresponds 
to the center 
of an S_CLK 
period. 
For testing 
purposes, 
the signal is specified 
relative to the rising edge of S_CLK with the O.5Tc period 
offset. 
IADVANCE 
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Table 24. 
Fast Page Mode.lnterleaved 
DRAM Output 
Timings 
(Sheet 2 of 2) 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TOV17 
DWE1:0# 
Rising and Falling Edge Output Valid 
2 
11 
ns 
Delay 


TOV18 
DALE1:0 
Initial Falling Edge Output Valid Delay 
2 
11 
ns 


TOV19 
DALE1:0 
Burst Falling Edge Output Valid Delay 
0.5Tc+2 
0.5Tc+11 
ns 
1 


TOV20 
DALE1:0 
Rising Edge Output 
Valid Delay 
2 
11 
ns 


TOV21 
LEAF1 :0# Rising and Falling Edge Output Valid 
2 
11 
ns 
Delay 


NOTE: 


1. 
Signal 
generated 
on the rising edge of an internally 
generated 
2XCLK which 
corresponds 
to the center 
of an S_CLK 
period, 
For testing 
purposes, 
the signal is specified 
relative to the rising edge of S_CLK with the a.s)"c period 
offset. 


Table 25. 
EDO DRAM Output 
Timings 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TOV22 
RAS3:0# 
Rising and Falling Edge Output Valid Delay 
2 
10 
ns 


TOV23 
CAS7:0# 
Rising Edge Output Valid Delay - 
0.5Tc+2 
0.5Tc+10 
ns 
1 
Read Cycles 


TOV24 
CAS7:0# 
Falling Edge Output Valid Delay - 
2 
10 
ns 
Read Cycles 


TOV25 
CAS7:0# 
Rising Edge Output Valid Delay - 
2 
10 
ns 
Write Cycles 


TOV26 
CAS7:0# 
Falling Edge Output Valid Delay - 
0.5Tc+2 
0.5Tc+10 
ns 
1 
Write Cycles 


TOV27 
MA 11:0 Output Valid Delay - Row Address 
0.5Tc+2 
0.5Tc+11 
ns 
1 


TOV28 
MA 11:0 Output Valid Delay - Column Address 
Read 
0.5Tc+2 
0.5Tc+12.5 
ns 
1 
Cycles 


TOV29 
MA 11:0 Output Valid Delay - Column Address 
Write 
2 
12.5 
ns 
Cycles 


ToV30 
DWE1 :0# Rising andFalllnq 
Edge Output Valid 
2 
11 
ns 
Delay 


NOTES: 


1. 
Signal 
generated 
on the rising edge of an internally 
generated' 
2XCLK which corresponds 
to the center of an S_CLK 
period. 
For testing 
purposes, 
the signal is specified 
relative 
to the rising edge of S_CLK with the a.STc period offset. 
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Table 26. 
BEDO DRAM Output 
Timings 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TOV31 
RAS3:0# 
Rising and Failing Edge Output Valid Delay 
2 
11 
ns 


TOV32 
CAS7:0# 
Rising Edge Output Valid Delay - Read Cycles 
0.5Tc+2 
0.5Tc+11 
ns 
1 


TOV33 
CAS7:0# 
Failing Edge Output Valid Delay - Read Cycles 
2 
11 
ns 


TOV34 
CAS7:0# 
Rising Edge Output Valid Delay - Write Cycles 
2 
11 
ns 


TOV35 
CAS7:0# 
Failing Edge Output Valid Delay - Write Cycles 
O.5Tc+2 
O.5Tc+11 
ns 
1 


TOV36 
MA 11:0 Output Valid Delay - Row Address 
0.5Tc +2 
0.5Tc+11 
ns 
1 


TOV37 
MA 11:0 Output Valid Delay - Column Address 
Read Cycles 
0.5Tc +2 
0.5Tc+14 
ns 
1 


TOV38 
MA 11:0 Output Valid Delay - Column Address 
Write Cycles 
2 
14 
ns 


TOV39 
DWE1:0# 
Rising and Failing Edge Output Valid Delay 
2 
11 
ns 


NOTES: 


1. 
Signal generated 
on the rising edge of an Internally 
generated 
2XCLK 
which corresponds 
to the center 
of an S_CLK 
period. 
For testing 
purposes, 
the signal is specified 
relative 
to the rising edge of S_CLK 
with the O.5Tc period 
offset. 


Table 27. SRAMlROM 
Output 
Timings 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TOV40 
CE1 :0# Rising and Failing Edge Output Valid Delay 
2 
11 
ns 


TOV41 
MWE3:0# 
·Rlslng Edge Output Valid Delay 
2 
11 
ns 


TOV42 
MWE3:0# 
Failing Edge Output Valid Delay 
0.5Tc +1 
0.5Tc +11 
ns 
1 


TOV43 
MA 11:0 Output 
Valid Delay - In[tlal Address 
0.5Tc +2 
O.5Tc +14 
ns 


TOV44 
MA 11:0 Output Valid Delay - Burst Address 
2 
14 
ns 


NOTES: 


1. 
Signal generated 
on the rising edge of an internally 
generated 
2XCLK 
which corrasponds 
to the center 
of an S_CLK 
period. 
For testing 
purposes, 
the signal is specified 
relative to the rising edge of S_CLK 
with the O.5Tc period 
offset. 
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4.3.3 
Boundary 
Scan Test Signal 
Timings 


Table 
28. 
Boundary 
Scan Test Signal 
Timings 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TBSF 
TCK Frequency 
0 
.5TF 
MHz 


TBSCH 
TCK High Time 
. 
15 
ns 
Measured 
at 1.5 V (1) 


TBSCL 
TCKLowTime 
J 
15 
ns 
Measured 
at 1.5 V (1) 


TBSCR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TBSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TBSIS1 
Input Setup to TCK - 
TDI, TMS 
4 
ns 


TBSIH1 
Input Hold from TCK - 
TDI, TMS 
6 
ns 


TBSOV1 
TOO Valid Delay 
3 
30 
ns 
Relative to falling edge of TCK 


TBSOF1 
TOO Float Delay 
3 
30 
ns 
Relative to falling edge of TCK 


TBSOV2 
All Outputs 
(Non-Test) 
Valid Delay 
3 
30 
ns 
Relative to falling edge of TCK 


TBSOF2 
All Outputs 
(Non-Test) 
Float Delay 
3 
30 
ns 
Relative to falling edge of TCK 


TBSIS2 
Input Setup to TCK - 
All Inputs 
'4 
ns 
(Non-Test) 


TBSIH2 
Input Hold from TCK - 
All Inputs 
6 
ns 
(Non-Test) 


'. 
NOTES. 
1. Not tested, 


4.3.4 
APIC Bus 
Interface 
Signal 
Timings 


Table 29. 
APIC Bus Interface 
Signal 
Timings 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TAPF 
PICCLK 
Frequency 
2 
16.66 
MHz 


TAPC 
PICCLK 
Period 
60 
500 
ns 


TAPCH 
PICCLK 
High Time 
9 
ns 


TAPCL 
PICCLK 
Low Time 
9 
ns 


TAPCR 
PICCLK 
Rise Time 
1 
5 
ns 
(1) 


TAPCF 
PICCLK 
Fall Time 
1 
5 
ns 
(1) 


TAPIS1 
Input Setup to PICCLK - 
PICD1:0 
3 
ns 


TAPIHl 
Input Hold from PICCLK - 
PICD1:0 
2.5 
ns 


TAPOF 
Output 
Float Delay from PICCLK - 
PICD1:0 
4 
16 
ns 
(1) 


TAPOVI 
Output 
Valid Delay from PICCLK - 
PICD1 :0 (High to Low) 
4 
22 
ns 


NOTES: 
1. Not tested. 
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4.3.5 
12CInterface 
Signal 
Timings 


Table 30. 
12C Interface 
Signal 
Timings 


Std. Mode 
Fast Mode 
Symbol 
Parameter 
Units 
Notes 
Min 
" Max 
Min 
Max 


FSCL 
SCL Clock Frequency 
0 
100 
0 
400 
KHz 


TSUF 
Bus .Free Time Between 
STOP and START 
4.( 
1.3 
!ls 
(1) 


Condition 


THDSTA 
Hold Time (repeated) 
START Condition 
4 
0.6 
l1S 
(1,3) 


TLOW 
SCL Clock Low Time 
4.7 
1.3 
!ls 
(1,2) 


THIGH 
SCL Clock High Time 
4 
0.6 
!lS 
(1,2) 


TSUSTA 
Setup Time for a Repeated 
START 
Condition 
4.7 
0.6 
l1S 
(1) 


THDDAT 
Data Hold Time 
0 
0 
0.9 
l1S 
(1) 


TSUDAT 
Data Setup Time 
250 
100 
ns 
(1) 


TR 
SCL and SDA Rise Time 
1000 
20+0.1Cb 
300 
ns 
(1,4) 


TF 
SCL and SDA Fall Time 
300 
"20+0.1c, 
300 
ns 
(1,4) 


TSUSTO 
Setup Time for STOP Condition 
4 
0.6 
!lS 
(1) 


NOTES: 


1. 
See Figure 
14. 


2. 
Not tested. 
" 


3. 
After this period, 
the first clock pulse is generated. 


4. c, = the total capacitance 
of one bus line, in pF. 


J ADVANCE 
INFORMATION 
1-45 


i960Q!)RP VO Processor 
at 5 Volts 
intel~ 


4.4 
AC Test Conditions 


The AC Specifications 
in Section 
4.3, Targeted 
AC 
Specifications 
(pg. 37) are tested with the 50 pF load 
indicated 
in Figure 7. 


Output 
Ball 0..-----1 


CL = 50 pF for all signals 


CL -! 


Figure 
7. AC Test Load 


4.5 
AC Timing Waveforms 
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Figure 
8. S_CLK, 
TCLK Waveform 
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12C Interface 
Signal Timings 
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4.6 
Memory Controller Output Timing Waveforms 
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15. 
Fast Page-Mode 
Read Access, 
Non-Interleaved, 
2,1,1,1 Wait State, 32-Blt 
80960 
Local 
Bus 
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Figure 16. Fast Page-Mode Write Access, Non-Interleaved, 2,1,1,1 Wait States, 32-Blt 80960 Local Bus 


IADVANCE 
INFORMATION 
1-51 


19604D RP VO Processor 
at 5 Volts 
intel4D 


1 
TA 
Tw 
Tw 
To 
To 
To 
To 


S_CLK [ 


AD[31:0] [ 


RAS[n]# 
• 
1\ 
RAS[n+1#] [!J~~ 
MA[11:0] 
COL 
COL 


I 
I 


DALE[O]# .: 
,Ul 
[ 
I 
I 
I 
\ 


CAS[3:0]# 
I 
I 
I 


LEAF[O]# [ 
I 
I 
I 
I 
I 
I 


DALE[1]# [ 
1 
I 


CAS[7:4]# [ 


LEAF[1]# [ 


DWE[1:0]# [ 


Figure 17. 
FPM DRAM System Read Access, 
Interleaved, 
2,0,0,0 Wait States 
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Figure 
18. 
FPM DRAM System 
Write 
Access, 
Interleaved, 
1,0,0,0 Wait 
States 
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Figure 19. EDO DRAM, Read Cycle 
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Figure 20. EDO DRAM, Write Cycle 
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Figure 21. BEDO DRAM, Read Cycle 
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Figure 
23. 
32-Blt 
Bus, 
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Figure 
24. 
32-Blt 
Bus, SRAM Write 
Accesses 
with 
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Figure 25. 
Non-Burst 
Read and Write Transactions 
without Wait States, 32-Bit 80960 Local Bus 
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Figure 26. 
Burst Read and Write Transactions 
without Wait States, 32-Bit 80960 Local Bus 
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Figure 27. Burst Write Transactions with 2,1,1,1 Wait States, 32·Blt 80960 Local Bus 
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Figure 28. 
Burst Read and Write Transactions 
without Wait States, 8·Blt 80960 Local Bus 
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Figure 29. 
Burst Read and Write Transactions 
with 1,0 Wait States 
and Extra Tr State on Read, 16-Blt 80960 Local Bus 
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Figure 30. 
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NOTE: 
HOLD is sampled 
on the rising edge of S_CLK, 
HOLDA 
is granted 
after the latency 
counter 
in the local 
bus arbiter 
expires, 
The processor 
asserts 
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to grant the bus on the same edge in which 
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the deassertion 
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Figure 31. 
HOLD/HOLDA 
Waveform' For Bus Arbitration 
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user program 
execution. 
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Maximum 
L_RST# 
Low to Reset State 
4 S_CLK Cycles 


r, 
I~~, 


L_RST# 
High to First Bus 
Activity, 
46 S_CLK Cycles 
Minimum 
L_RST# 
Low Time 
16 S_CLK Cycles 
NOTE: 
Local bus warm reset occurs when 
Bit 5 in the Extended 
Bridge Control 
Register 
(EBCR) 
is set; 


L_RST# asserts 
when all ATU and/or 
DMA activity ceases on the PCI buses. 


L_RST # asserts 
in a mimimum 
of 18 clock cycles after EBCR bit 5 is set. 
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6.0 
DEVICE IDENTIFICATION ON RESET 


The DEVICEID 
register 
contains 
a numeric 
value which 
identifies 
the processor 
type and stepping. 
During 
initialization, 
the value 
is also placed 
in gO. The value is compliant 
with the IEEE 1149.1 
specification 
and 
Intel standards. 
Figure 
34 shows 
the register's 
fields; 
Table 
31 defines 
the fields 
and values. 
Table 
32 


identifies 
the device stepping 
register values, 
in hexadecimal 
and binary, contained 
in the DEVICEID 
register, 


the Address 
Translation 
Unit ID register 
(ATUID) and the Revision 
ID register 
(RIDR). 


4 
0 


Part Number 


I 
Product 
Version Vcc 
Type 
Gen 
Model 
Manufacturer ID 
I d'l --~I~-'",r-~I~I'I 
--~I--,,,r------~I------~ 


. 


Figure 
34. 
80960RP 
Device 
ID Register 
(DEVICEID) 


Table 
31. 
80960RP 
Device 
ID Register 
Field 
Definitions 


Field 
Value 
Definition 


Version 
0000 = A-O Step 
Indicates 
stepping 
changes. 


0001 = A-1 Step 


Vcc 
o = 5.0V Device 
Indicates a device Is 5.0 V. 


Product 
Type 
000100 
Designates 
type of product. 
I 


(Indicates 
i960 CPU) 


Generation 
Type 
0011 = 80960RP-series 
Indicates the generation 
or "family member" 
of the 1960 CPU. 


Model Type 
0000 = 80960RP 
Indicates 
member 
within a series and specific 
model information. 


Manufacturer 
ID 
000 0000 1001 
Manufacturer 
ID assigned 
by IEEE. 


(Indicates 
Intel) 


Table 
32. 
Device 
ID (DEVICE ID), ATU ID (ATUID), 
and Revision 
ID (RI OR) Register 
Settings 


Device 
and 
DEVICEID 
ATURID, 
RIDR 


Stepping 
(1) 
Complete 
ID (Hex) 
Complete 
ID (Binary) 
Complete 
ID (Binary) 


80960RP 
A-O 
00860013 
00000000 
10000110000000000001 
0011 
00000000 


80960RP 
A-1 
10860013 
0001 0000 1000 0110000000000001 
0011 
00000001 


NOTES: 
1. The device and stepping designator is printed on the top side of the package. 
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7.0 
REVISIONHISTORY 


Table 33. 
Revision 
History 
(Rev. -001 to -002) 


Section 
Description 


3.1.1, Functional 
Signal Definitions 
(pg. 8) 
In all signal description 
tables, signals 
are now listed 
alphabetically 
and general clarification 
changes 
have 
been made. 


Table 5., Power Requirement, 
Processor 
Control and 
Added new entries for L_RST# 
and VCCPLL3:1' 


Test Signal Descriptions 
(pg. 13) 


Table 
10., Clock Signal (pg. 20) 
Created 
new table and redefined 
S_CLK clock signal. 


Table 
11., ICE Signal Descriptions 
(pg. 20) 
Added table to define ICE signals. 


3.1.2, 352-Lead 
HL-PBGA 
Package 
(pg. 21) 
Modified section to include new package 
illustrations; 


added signal-to-ball 
cross reference 
tables. 


3.2, Package 
Thermal 
Specifications 
(pg. 31) 
Added thermal specifications 
section. 


4.0, ELECTRICAL 
SPECIFICATIONS 
(pg. 34) 
Added DC, AC specifications 
and related timing 
diagrams. 
These specifications 
are derived 
from 
simulations. 


5.0, BUS FUNCTIONAL 
WAVEFORMS 
(pg. 55) 
Removed 
several 
J;>CI-related waveforms. 


Figure 33., 80960 Local Bus Warm Reset Waveform 
Added waveform. 


(pg. 63) 


6.0, DEVICE 
IDENTIFICATION 
ON RESET (pg. 64) 
Added section. 


Table 34. 
Revision 
History 
(Rev. -002 to -003) 
(Sheet 1 of 2) 


Section 
Description 


(throughout 
document) 
Removed 
all references 
to P_CLK and SYNC. 


Table 4, Signal Descriptions 
(pg. 9) 
Revised 
signal Descriptions 
for BE3:0#, 
DEN#, 
D/C#/RST _MODE#,LOCK#IONCE#, 
LRDYRCV#, 


WIDTH/HL TDO and WIDTH/HL TD1/RETRY 


Table 5, Power Requirement, 
Processor 
Control and 
Revised signal Descriptions 
for TDI, TDO and TMS 
Test Signal 
Descriptions 
(pg. 13) 


Table 7, PCI Signal Descriptions 
(pg. 15) 
Aqded new Type entries for P_LOCK#. 


Removed 
Type entries K(Q) or K(Z) from several 


Signals. 


Changed 
P_CLK to S_CLK in P_INT[A:D]# 
and 
P_RST#. 


Revised 
Description 
for S_RST#. 


Changed 
S_RST# 
to P_RST# 
in S_REQ5#1 
S_ARB_EN. 


Table 8, Memory 
Controller 
Signal Descriptions 
(pg. 
Revised 
Descriptions 
for CAS7:0# 
and RAS3:0#. 
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Table 34. Revision 
History 
(Rev. -002 to -003) (Sheet 2 of 2) 


Section 
Description 


3.1.2, 352-Lead 
HL-PBGA 
Package 
(pg. 21) 
Updated 
section to show new package 
type, 
including 
new figures and tables. 


Specific signal name changes 
are: 
PCLK is renamed 
to VCC or VSS; 
WIDTH/HL TDO/SYNC 
is renamed 
to WIDTHIHL TDO 


Section 
3.2, Package 
Thermal 
Specifications 
(pg. 31) 
Revised text and added figures and table. 


Section 
4.1, Absolute 
Maximum 
Ratings (pg. 34) 
Revised Case Temperature 
from 850 C to 1150 C. 


Table 
16, Operating 
Conditions 
(pg. 34) 
Revised Tc Max. 


Table 
17, DC Characteristics 
(pg. 35) 
Set values for VOL4, IOL4and VOH4, IOH4TBDs. 


Table 
18, Ice Characteristics 
(Pg. 36) 
Set values for parameters 
which were previously 
. 
TBDs . 


Table 
19, Input Clock Timings 
(pg. 37) 
Removed 
TF note. 


Table 20, Synchronous 
Output Timings 
(pg. 37) 
Revised TOV3 Max. 


Table 21, Synchronous 
Input Timings 
(pg. 38) 
Revised Min for. T1S1and T1S6' 


Added Note 5 to T1S1,T1S6and T1H6. 


Revised parameters 
for T1S3and T1H3. 


Added T1S9and T1H9. 


Table 23, Fast Page Mode Non-interleaved 
DRAM 
Revised all Min values. 
Output Timings 
(pg. 39) 
Revised all Max values except TOV9 and TOV11' 


Table 24, Fast Page Mode Interleaved 
DRAM Output 
Revised all Min values. 
Timings 
(pg. 39) 
Revised all Max values for TOV12, TOV13, TOV14 and 


Tov16· 


Table 25, EDO DRAM Output Timings 
(pg. 40) 
Revised all Min values. 


Revised all Max values except Tov27 
and Tov3O. 


Table 26, BEDO 
DRAM OutputTimings 
(pg. 41) 
Revised all Min values. 


Table 27, SRAM/ROM 
Output Timings 
(pg. 41) 
Revised all Min values. 


Table 28, Boundary 
Scan Test Signal Timings 
(pg. 42) 
Revised Min values for TBSF' TBSIS1,T BSIH1'T BSIS2 
and TBSIH2' 


Revised 
Max values 
for T BSOF1and TBSOF2' 


Section 
4.6, Memory 
Controller 
Output Timing 
Revised 
Figure 15, (pg. 48) to Figure 24, (pg. 54). 
Waveforms 
(pg. 48) 


Section 
5.0, BUS FUNCTIONAL 
WAVEFORMS 
(pg. 
Revised 
Figure 31, (pg. 61) to Figure 33, (pg. 63) 


55) 


Section 
6.0, DEVICE 
IDENTIFICATION 
ON RESET 
Added Figure 34, (pg. 64) 
(pg. 64) 
, 
Revised Table 31, 80960RP 
Device 
ID Register 
Field 
Definitions 
(pg. 64). 


• 
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32-BIT'HIGH-PERFORMANCE 
SUPERSCALAR 
PROCESSOR 
• 32-Blt Parallel Architecture 
• 3.3 V Supply Voltage 
Loadl$tore Arch Itecture 
- 
5 V Tolerant Inputs 
Sixteen 32-Blt Global Re~lsters 
- 
TTL Compatible Outputs 
SJxteen 32-Blt Local Reg sters 
• Guarded Memory Unit 
1.2 Gbyte Internal Bandwidth (75 MHz) 
On-Chip Register Cache 
- 
Provides Memory Protection 
- 
User/Supervisor 
Read/WrltelExecute 
• Processor Core Clock 
• 32-Blt Demultlplexed 
Burst Bus 
S0960HA Is 1x Bus Clock 
- 
S0960HD Is 2x Bus Clock 
Per-Byte parl~ Generation/Checking 
- 
S0960HT Is 3x Bus Clock 
Address Plpel nlng Option 
- 
Fully Programmable Wait State Generator 
• 
Binary Compatible with Other S0960 
- 
Supports S-, 16- or 32-Blt Bus Widths 
Processors 
- 
160 Mbyte/s External Bandwidth (40 MHz) 
• Issue Up To 150 MIllion Instructions 
per 
• High-Speed Interrupt Controller 
Second 
- 
Up to 240 External Interrupts 
• 
High-Performance 
On-Chip Storage 
- 
31 Fully Programmable Priorities 
- 
Separate, Non-maskable Interrupt Pin 
16 Kbyte Four-Way Set-Associative 
• Dual On-Chip 32-Bit Timers 
Instruction 
Cache 
SKbyte Four-Way Set-Associative 
Data 
- 
Auto Reioad Capability and One-Shot 
Cache 
- 
CLKIN Prescallng, +1, 2, 4 or S 
2 Kbyte General Purpose RAM 
• JTAG Support-IEEE 
1149.1 Compliant 
Separate 12S-Blt Internal Paths For 
Instructions/Data 


Instruction Prefetch Queue 


Data RAM - 2 Kby e 
j-------------1-jL __~R~eg~is~t~er~-S~id~e:J 
~~M:e~m~o~~~-S~id:e~--~r-----------------_1 


Machine Bus 
Machine Bus 


Six-Port Register File 
~---I 
64-bit SRC1 Bus 
32-bit Base Bus 


JTAG Port 


Instruction Cache 


16 Kbyte, Four-Way Set-Associative 
Timers 


128-Bit Cache Bus 
Programmable 


Interrupt Controller 


Interrupt 


Port 
Parallel Instruction Scheduler 


Multiply/Divide Unit 


Execution Unit 


Guarded Memo~ Unit 
I 
l=.=========~control 


IMemo~ Region ConfigurationI 


Bus Controller 
Address 


I Bus Request Queues rn 
Data 


Data Cache 
8 Kbyte, Four-Way Set-Associative 


Register Cache - 5 to 15 sets 


64-bit DST Bus 
128-bit Store Bus 


.......•• 
"'""'=4=2>...----~ 64-bit SRC2 Bus 128-bit Load Bus 1----4-'-----'------" 


Figure 1_ S0960Hx Block Diagram 
I 
©INT~L CORPORATION, 1996 
June 1996 
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1.0 
ABOUT THIS DOCUMENT 


This document provides a preview of Intel's 80960Hx 
embedded 
superscalar 
microprocessors. 
Future 
revisions of this document will provide targeted 
electrical characteristics. Detailed descriptions for 
functional topics - 
other than parametric perfor- 
mance - 
will be published in the i960® Hx Micropro- 
cessor 
User's 
Guide (272484). 


In 
this 
document, 
"80960Hx" 
and 
"i960 
Hx 
processor" refer to the products described in Table 1. 
Throughout 
this 
document, 
Information 
that 
is 
specific to each is clearly indicated. 


NOTE: 


Intel retains the right to make changes to these 
specifications at any time. In particular, descriptions 
of features, timings, packaging, and pinouts do not 
imply a commitment to implement them. In fact, this 
specification does not imply a commitment by Intel to 
design, manufacture, or sell the product described 
herein. 


2.0 
INTEL'S 80960Hx PROCESSOR 


Intel's 80960Hx processor provides new perfor- 
mance levels while maintaining backward compati- 
bility (pin' 
and software) with the i960® CNCF 
processors. This newest member of the family of 
i960. 32-bit, 
RISC-style, 
embedded 
processors 
allows customers to create scalable designs that 
meet multiple price and performance points. This is 
accomplished by providing processors that can run 
at the bus speed or faster using Intel's clock multi- 
plying technology (see Table 1).The 80960Hx core is 
capable 
of 
issuing 
150 million instructions 
per 
second, using a sophisticated instruction scheduler 
that allows the processor to sustain a throughput of 
two instructions every core clock, with a peak perfor- 
mance of three instructions per clock. The 80960Hx- 
series comprises three processors, which differ in 
the ratio of core clock speed to external bus speed. 


In addition to expanded clock frequency options, the 
80960Hx provides essential enhancements for an 
emerging 
class 
of 
high-performance 
embedded 
applications. Features include a larger instruction 


• Thoughnotdrop-inreplaceable.Customerscandesign 
systemsthataccepteither80960HxorCxprocessors. 
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Table 1. 80960Hx Product Description 


Operating 
Product 
Core 
Voltage 
Frequency 
(bus/core) 


80960HA 
1x 
3.3 V· 
25/25, 33/33, 40/40 


80960HD 
2x 
3.3V. 
16/32; 25/50, 33/66 


80960HT 
3x 
3.3 V· 
20/60, 25/75 


NOTES: 'Processor)nputsare5 Vtolerant. 


cache, data cache, and data RAM than any other 
80960 processor to date. It also boasts a 32-bit 
demultiplexed and pipellned burst bus, fast Interrupt 
mechanism, 
guarded 
memory 
unit, 
wait 
state' 


generator, dual programmable timers, ONCE and 
IEEE 
1149.1-compliant boundary 
scan test 
and 
debug support, and new instructions. 


2.1 
The i960 Processor Family 


The i960 processor family is a 32-bit RISC archi- 
tecture created by Intel to serve the needs of 
embedded 
applications. 
The 
embedded 
market 


includes 
applications 
as 
diverse 
as 
Industrial 
automation; avionics, image processing, graphics 
and communications. 


Because all members of the i960 processor family 


. share a common core architecture, i960 applications 
are code-compatible. Each new processor in the 
family adds its own special set of functions to the 
core to satisfy the needs of a specific application or 
range of applications in the embedded market. 


2.2 
Key 80960Hx Features 


2.2.1 
Execution Architecture 


Independent instruction paths inside the processor 
allow the execution of multiple, out-of-sequence 
instructions per clock. Register and resource score- 
boarding interlocks maintain the logical integrity of 
sequential instructions that are being executed in 
parallel. To sustain execution of multiple instructions 
in each clock cycle, the processor decodes multiple 
instructions in parallel and simultaneously issues 
these instructions to parallel processing units. The 
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various processing units are then able to Indepen- 
dently access Instruction operands In parallel from a 
common register set. 


Local Register Cache Integrated on-Chip provides 
automatic 
register 
management 
o~ 
call/return 
Instructions. Upon a call Instruction, the processor 
allocates a set of local registers for the called 
procedure, then stores the registers for the previous 
procedure 
In 
the 
on-chip 
register 
cache. 
As 
additional procedures are called, the cache stores 
the associated registers such that the most recently 
called procedure Is the first available by the next 
return (ret) Instruction. The processor can store up 
to fifteen register sets, after which the oldest sets are 
stored (spilled) Into external memory. 


The 80960Hx supports the 80960 archltecturally- 
defined branch prediction mechanism. This allows 
many branches to execute with no pipeline break. 
With the 80960Hx's efficient pipeline, a branch can 
take as few as zero clocks to execute. The maximum 
penalty for an Incorrect prediction Is two core clocks. 


2.2.2 
Plpellned, Burst Bus 


A 32-blt high performance bus controller Interfaces 
the 80960Hx core to the external memory and 
peripherals. 
The 
Bus 
Control 
Unit 
features 
a 
maximum transfer rate of 160 Mbytes per second (at 
a 40 MHz external bus clock frequency). A key 
advantage of this design Is Its versatility. The user 
can Independently program the physical and logical 
attributes of system memory. Physical attributes 
Include wait state profile, bus width, and parity. 
Logical attributes Include cacheablllty and Big or 
Little Endlan byte order. Internally programmable 
wait states and 16 separately conflgurable physical 
memory regions allow the processor to Interface with 
a variety 
of memory subsystems with minimum 
system complexity. To reduce the effect of wait 
states, the bus design Is decoupled from the core. 
This lets the processor execute Instructions while the 
bus performs memory accesses Independently. 


The Bus Controller's key features Include: 
• Demultlplexed, Burst Bus to support most efficient 
DRAM access modes 
• Address Plpellnlng to reduce memory cost while 
maintaining performance 
• 32-, 16- and s-blt modes to facilitate I/O Interfacing 
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• Full Internalwait state generation to reduce system 
• 


cost 
• Little and Big Endlan support 
• Unallgned Access support Implemented In 
hardware 
• Three-deep request queue to decouple the bus 
from the core 


• Independent physical and logical address space 
characteristics 


2.2.3 
On-Chip Caches and Data RAM 


As shown 
In Figure 
1, the 
80960Hx 
provides 
generous on-Chip cache and storage features to 
decouple CPU execution from the external bus. The 
processor Includes a 16 Kbyte Instruction cache, an 
8 Kbyte data cache and 2 Kbytes of Data RAM. The 
caches are organized as 4-way set associative. 
Stores that hit the data cache are written through to 
memory. The data cache performs write allocation 
on cache misses. A fifteen-set stack frame cache 
allows 
the 
processor 
to 
rapidly 
allocate 
and 
deallocate local registers. All of the on-chip RAM 
sustains a 4-word (128-blt) access every clock cycle. 


2.2.4 
Priority Interrupt Controller 


The Interrupt unit provides the mechanism for the 
low latency and high throughput Interrupt service 
essential 
for 
embedded 
applications. 
A 
priority 
Interrupt controller provides full programmability of 
240 Interrupt sources with a typical Interrupt task 
switch 
(latency) time 
of 
17 
core 
clocks. 
The 
controller supports 31 priority levels. Interrupts are 
prlorltlzed and slgnaled within 10 core clocks of the 
request. If the Interrupt has a higher priority than the 
processor priority, the context switch to the Interrupt 
routine would typically complete In another 7 bus 
clocks. 


External agents post Interrupts via the 8-blt external 
Interrupt port. The Interrupt unit also handles the two 
Internal sources from the Timers. Interrupts can be 
level- or edge-triggered. 


2.2.5 
Guarded Memory Unit 


The Guarded Memory Unit (GMU) provides memory 
protection without the address translation found in 
Memory Management Units. The GMU contains two 
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memory 
protection 
schemes: 
one 
prevents 
illegal 
memory 
accesses, 
the other.detects 
memory 
access 
violations. 
Both signal 
a fault to the processor. 
The 
programmable 
protection 
modes 
are: 
user 
read, 
write 
or 
execute; 
and 
supervisor 
read, 
write 
or 
execute. 


2.2.6 
Dual Programmable 
Timers 


The 
processor 
provides 
two 
independent 
32-blt 
timers, 
with four programmable 
clock rates. The user 
configures 
the 
timers 
via the Timer 
Unit registers. 
These 
registers 
are 
memory-mapped 
within 
the 
80960H¥, 
addressable 
on 
32-bit 
boundaries. 
The 
timers 
have 
a 
single-shot 
mode 
and 
auto-reload 
capabilities 
for continuous 
operation. 
Each timer has 
an independent 
interrupt 
request 
to the processor's 
interrupt 
controller. 


2.2.7 
Processor 
Self Test 


When 
a system 
error 
is detected, 
the ~ 
pin Is 
asserted, 
a fail 
code 
message 
is driven 
onto 
the 
address 
bus, and the processor 
stops 
execution 
at. 


the point of failure. 
The only way to resume 
normal 
operation 
Is to perform 
a RESET operation. 
Because 
System 
Error generation 
can occur 
sometime 
after 
the bus confidence 
test and even after initialization 
during 
normal 
processor 
operation, 
the ~ 
pin will 
be HIGH (logic "1") before the detection 
of a System 
Error. 


The processor 
uses only one read bus-transaction 
to 
signal the fail code message; 
the address 
of the bus 
transaction 
is the fail code itself. The fail code is of 
the 
form: 
Oxfeffffnn; 
bits 
6 to 
0 contain 
a mask 


recording 
the possible 
failures. 
Bit 7, when set to 1, 


indicates 
that 
the 
mask 
contains 
failures 
from 
the 
internal 
Built-In 
Self-Test 
(BIST); 
when 0, the mask 
indicates 
other failures. 


Systems 
should 
ignore reserved 
bits 0 and 1. This is 
also true for bits 5 and 6 when bit 7 is clear (=0). 
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The mask Is shown in Table 2 and Table 3. 


Table 2. 
Fall Codes 
For BIST (bit 7 = 1) 


Bit 
When 
Set: 


6 
On-chip 
Data-RAM 
failure detected 
by 
BIST. 


5 
Intemal Mlcrocode 
ROM failure detected 
by BIST. 


4 
Instruction 
cache failure detected 
by 
BIST. 


3 
Data cache failure detected 
by BIST. 


2 
Local-register 
cache or processor 
core 
failure detected 
by BIST. 


1 
Reserved. 
Always 
zero. 


0 
Reserved. 
Always zero. 


Table 3. 
Remaining 
Fall Codes 
(bit 7 = 0) 


Bit 
When 
Set: 


6 
Reserved. 
Always one. 


5 
Reserved. 
Always 
one. 


4 
A data structure 
within the IMI Is not 
aligned to a word boundary. 


3 
A System 
Error during normal operation 
has occurred. 


2 
The Bus Confidence 
test has failed. 


1 
Reserved. 
Always zero. 


0 
Reserved. 
Always zero. 


2.3 
Instruction 
Set Summary 


Table 4 summarizes 
the 80960Hx 
instruction 
set by 
logical groupings. 
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Table 4. 80960Hx 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit I Bit Field I Byte 


Load 
Add 
And 
Set Bit 


Store 
Subtract 
Not And 
Clear Bit 


Move 
Multiply 
And Not 
Not Bit 


Load Address 
Divide 
Or 
Alter Bit 


Conditional 
Select2 
Remainder 
Exclusive 
Or 
Scan For Bit 


i, 
Modulo 
Not Or 
Span Over Bit 


Shift 
Or Not 
Extract 


Extended 
Shift 
Nor 
Modify 


r 


Extended 
Multiply 
Exclusive 
Nor 
Scan Byte for Equal 
~ 


Extended 
Divide 
Not 
Byte Swap2 


I 


Add with Carry 
Nand 
i 


Subtract 
with Carry 


Rotate 


Conditional 
Add2 
: 


Conditional suctracf 


Comparison 
Branch 
CalVReturn 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 


Conditional 
Compare 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
and Increment 
Compare 
and Branch 
Call System 


! 


Compare 
and Decrement 
Return 


Compare 
Byte2 
Branch and Link 


, 


Compare 
Short2 


Test Condition 
Code 


Check 
Bit 


Debug 
Processor 
Mgmt 
Atomic 
Cache Control 


Modify Trace Controls 
Flush Local Registers 
Atomic Add 
Instruction 
Cache 


Mark 
Modify Arithmetic 
Atomic 
Modify 
Controll,2 


Force Mark 
Controls 
Data Cache Controll,2 


Modify Process Controls 


Interrupt 
Enable/ 
Dlsablel,2 


System ccntrot' 


NOTES: 
1) 80960Hx 
extensions 
to the 80960 
core instruction 
set. 


2) 80960Hx 
extensions 
to the 80960Cx 
instruction 
set. 
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3.0 
PACKAGE 
INFORMATION 


This section 
describes 
the pins, pinouts 
and thermal 
characteristics 
for 
the 
80960Hx 
in 
the 
168-pin 
ceramic 
Pin 
Grid 
Array 
(PGA) 
package, 
208-pin 
PowerQuad2' 
(P02). 
For complete 
package 
specifi- 
cations 
and 
information, 
see 
the 
Intel 
Packaging 
Handbook 
(Order# 
240800). 


3.1 
Pin Descriptions 


This 
section 
defines 
the 
80960Hx 
pins. 
Table 
5 
presents 
the legend 
for interpreting 
the pin descrip- 
tions in Table 6. All pins float while the processor 
is in 
the ONCE 
mode, 
except 
TOO, which 
can be driven 
active according 
to normal JTAG specifications. 


'PowerQuad 
is a trademark 
of Amkor 
Electronics. 
J ADVANCE 
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Table 5. Pin Description 
Nomenclature 


Symbol 
Description 
I 
Input only pin. 


0 
Output only pin. 


1/0 
Pin can be input or output. 


- 
Pin must be connected 
as indicated 
for 
proper device functionality. 


S(E) 
Synchronous 
edge sensitive 
input. 


This input must meet the setup and 
hold times relative to CLKIN to ensure 
proper operation 
of the processor. 


S(L) 
Synchronous 
level sensitive 
input. This 
input must meet the setup and hold 
times relative to CLKIN to ensure 
proper operation 
of the processor. 


A(E) 
Asynchronous 
edge-sensitive 
input. 


A(L) 
Asynchronous 
level-sensitive 
input. 


H( ...) 
While the processor 
bus Is in the HOLD 
state (HLOA asserted), 
the pin: 
H(1) is driven to Vcc 
H(O) is driven to Vss 
H(Z) floats 
H(O) continues 
to be a valid output 


8( ...) 
While the processor 
is in the bus 
backoff state (~ 
asserted), 
the pin: 


8(1) is driven to Vcc 


" 
8(0) is driven to Vss 
8(Z) floats 
8(0) 
continues 
to be a valid output 


R(...) 
While the processor's 
RESET pin is 
asserted, 
the pin: 


R(1) is driven to Vcc 
R(O) is driven to Vss 
R(Z) floats 
R(O) continues 
to be a valid output 
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Table 6. 80960Hx 
Processor 
Family Pin Descriptions 
(Sheet 1 of 5) 


"'ame 
Type 
Description 


A31:2 
0 
ADDRESS 
BUS carries the upper 30 bits of the physical 
address. 
A31 is the most 


H(Z) 
significant 
address 
bit and A2 is the least significant. 
Ouring a bus access, 
A31:2 


B(Z) 
identify all external addresses 
to word (4-byte) 
boundaries. 
The byte enable Signals 


R(Z) 
indicate the selected 
byte in each word. Ouring burst accesses, 
A3 and A2 increment 
to indicate 
successive 
addresses. 


031:0 
110 
DATA BUS carries 32, 16, or 8-bit data quantities 
depending 
on bus width configu- 


S(L) 
ration. The least significant 
bit of the data is carried on 00 and the most significant 
on 


H(Z) 
031. The lower 8 data lines (07:0) are used when the bus is configured 
for 8-bit data. 


B(Z) 
When configured 
for 16-blt data, 015:0 are used. 


R(Z) 


DP3:0 
110 
DATA PARITY carries parity information 
for the data bus. Each parity bit is assigned 


S(L) 
a group of 8 data bus pins as follows: 


H(Z) 
OP3 generates/checks 
parity for 031 :24 
B(Z) 
OP2 generates/checks 
parity for 023:16 
R(Z) 
OP1 generates/checks 
parity for 015:8 
OPO generates/checks 
parity for 07:0 


Parity information 
is generated 
for a processor 
write cycle and is checked 
for a 
processor 
read cycle. Parity checking 
and polarity are programmable. 
Parity gener- 
ation/checking 
is only performed 
for the size of the data accessed. 
~ 
0 
PARITY CHECK Indicates the result of a parity check operation. 
An asserted PCRK 


H(O) 
indicates 
that the prevlous 
bus read access 
resulted 
in a parity check error. 


B(O) 
R(1) 


BE3:O 
0 
BYTE ENABLES 
select which of the four bytes addressed 
by A31:2 are active during 


H(Z) 
a bus access. 
Byte enable encoding 
is dependent 
on the bus width of the memory 


B(Z) 
region accessed: 


R(1) 
32cbit bus: 
BE3 enables 
031 :24 


'B'E2enables 
023:16 
BET enables 
015:8 
BEO enables 
07:0 


I' 
16-bit bus: 
BE3 becomes 
Byte High Enable (enables 
015:8) 
B'E2 is not used (state is undefined) 
BEl becomes 
Address 
Bit 1 (A 1) 
BEO becomes 
Byte Low Enable (enables 
07:0) 


8-bitbus: 
BE3 is not used (state is undefined) 
B'E2 is not used (state is undefined) 
BEl Address 
Bit 1 (A 1) . 


BEO Address 
Bit 0 (AO) 
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Table 6. 80960Hx 
Processor 
Family 
Pin Descriptions 
(Sheet 2 of 5) 


Name 
Type 
Description 


W!R 
0 
WRITElREAD 
is low for read accesses 
and high for write accesses. wm becomes 


H(Z) 
valid during the address 
phase of a bus cycle and remains valid until the end of the 


B(Z) 
cycle for non-pipelined 
accesses. 
For pipelined 
accesses, wm changes 
state when 


R(O) 
the next address 
is presented. 


0= Read 
1= Write 


D/C 
0 
DATA/CODE 
indicates 
that a bus access is a data access or an instruction 
access. 


H(Z) 
D/C has the same timing as wm. 


B(Z) 
0= 
Code 
R(O) 
1 = Data 


SUP 
0 
SUPERVISOR 
ACCESS 
indicates 
whether the current bus access originates 
from a 


H(Z) 
request issued while in supervisor 
mode or user mode. SUP can be used by the 


B(Z) 
memory 
subsystem 
to isolate supervisor 
code and data structures 
from non- 


R(1) 
supervisor 
access. 


o = Supervisor 
Mode 
1 = User Mode 


ADS 
0 
ADDRESS 
STROBE 
indicates 
a valid address and the start of a new bus access. 


H(Z) 
ADS is asserted 
for the first clock of a bus access. 


B(Z) 
R(1) 


R'EADY 
I 
'READY, when enabled for a memory 
region, is asserted 
by the memory 
subsystem 


S(L) 
to indicate the completion 
of a data transfer. 'R'EAOV is used to indicate that read data 
on the bus is valid, or that a write transfer 
has completed. 
FiEAU'i' works in 
conjunction 
with the internal wait state generator 
to accommodate 
various 
memory 
speeds. FiEAU'i' is sampled 
after any programmed 
wait states: 


• During each data cycle of a burst access 


• During the data cycle of a non-burst 
access 


BTERM 
I 
BURST TERMINATE, 
when enabled for a memory 
region, is asserted 
by the 


S(L) 
memory 
subsystem 
to terminate 
a burst access in progress. 
When BTERfJ is 
asserted, 
the current burst access is terminated 
and another 
address 
cycle occurs. 


WAIT 
0 
WAIT indicates the status of the internal wait-state 
generator. WAfT is asserted 
when 


H(Z) 
the internal wait state generator 
generates 
NWAD, NRAD, NWDD and NRDD wait states. 


B(Z) 
WAfT can be used to derive a write data strobe. 


R(1) 
~ 
0 
BURST 
LAST 
indicates 
the last transfer 
in a bus access. m=AST is asserted 
in the 


H(Z) 
last data transfer 
of burst and non-burst 
accesses 
after the internal wait-state 


B(Z) 
generator 
reaches zero. m=AST remains active as long as wait states are inserted via 


R(1) 
the 'R'EAOV pin. m=AST becomes 
inactive after the final data transfer 
in a bus cycle. 
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Table 6. 80960Hx 
Processor 
Family Pin Descriptions 
(Sheet 3 of 5) 


Name 
Type 
Description 


DT/R 
0 
DATA TRANSMIT/RECEIVE 
indicates 
direction 
for data transceivers. 
DTIR is used 


H(Z) 
with UEfJ to provide control for data transceivers 
connected 
to the data bus. DTIR is 


8(Z) 
driven low to indicate the processor 
expects 
data (a read cycle). 
DTIR is driven high 


R(O) 
when the processor 
is "transmitting" 
data (a store cycle). 
DTIR only changes 
state 
when UEfJ is high. 
o = Data Receive 
1 = Data Transmit 


DEN 
0 
DATA ENABLE 
indicates 
data transfer 
cycles during a bus access. UEfJ is asserted 


H(Z) 
at the start of the first data cycle in a bus access and de-asserted 
at the end of the 


B(Z) 
last data cycle. UEfJ remains asserted 
for an entire bus request, 
even when that 


R(1) 
request spans several bus accesses. 
For example, 
a Idq instruction 
starting 
at an 
unaligned 
quad word boundary 
is one bus request spanning 
at least two bus 
accesses. UEfJ remains asserted throughout 
all the accesses 
(including ADS states) 
and de-asserts 
when the Iqd instruction 
request is satisfied. UEfJ is used with DTIR 
to provide control for data transceivers 
connected 
to the data bus. UEfJ remains 
asserted 
for sequential 
reads from pipelined 
memory 
regions. 


rocK 
0 
BUS LOCK indicates 
that an atomic read-modify-write 
operation 
is in progress. 


H(Z) 
meR may be used by the memory 
subsystemto 
prevent 
external 
agents from 


8(Z) 
accessing 
memory that is currently 
involved 
in an atomic operation 
(e.g., a 


R(1) 
semaphore). meR is asserted 
in the first clock of an atomic operation 
and de- 
asserted 
when B[AST 
is deasserted 
in the last bus cycle. 


HOLD 
I 
HOLD REQUEST 
signals that an external agent requests 
access to the processor's 


S(L) 
address, 
data, and control 
buses. When HOLD is asserted, 
the processor: 


• Completes 
the current 
bus request, 


• Asserts 
HOLDA and floats the address, 
data, and control buses. 


When HOLD is deasserted, 
the HOLDA 
pin is deasserted 
and the processor 
reassumes 
control of the address, 
data, and control 
pins. 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates to an external master that the processor 
has relin- 


H(1) 
quished 
control of the bus. The processor 
grants HOLD requests 
and enters the 


B(O) 
HOLDA state while the RESET 
pin is asserted. 


R(Q) 
HOLDA 
is never granted while meR is asserted. 


ImFF 
I 
BUS BACKOFF 
forces the processor 
to immediately 
relinquish 
control of the bus on 


S(L) 
the next clock cycle. When l1EAIJY!BTE11fiil is enabled and: 


• When OOFF is asserted, 
the address, 
data, and control buses are floated 
on the 
next clock cycle and the current access is aborted. 


• When OOFF is deasserted, 
the processor 
resumes 
by regenerating 
the aborted 
bus access. 


See Figure 16, Bus Backoff (BOFF) Timings 
(pg. 38), for OOFF timing requirements. 


BREQ 
0 
BUS REQUEST 
indicates 
that a bus request is pending in the bus controller, 
but the 


H(Q) 
processor 
is not stalled pending the result of the bus operation. 
BREQ can be used 


8(Q) 
with BSTALL to indicate to an external 
bus arbiter the processor's 
bus ownership 


R(O) 
requirements. 
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Table 6. 80960Hx 
Processor 
Family 
Pin Descriptions 
(Sheet 4 of 5) 


Name 
Type 
Description 


BSTALL 
0 
BUS STALL 
indicates that the processor 
has stalled pending the result of a request 


H(O) 
in the bus controller. 
When BSTALL is asserted, 
the processor 
must regain bus 


8(0) 
ownership 
to continue 
processing 
(Le., it can no longer execute strictly out of on-chip 


R(O) 
cache memory). 


CT3:0 
0 
CYCLE 
TYPE indicates 
the type of bus cycle currently 
being started or processor 


H(Z) 
state. CT3:0 encoding 
follows: 


8(Z) 
Cycle 
Type 
ADS 
CT3:0 
R(Z) 
P(7) 
Program-initiated 
access using 8-bit bus 
0 
0000 
Program-initiated 
access using 16-bit bus 
0 
0001 
Program-initiated 
access using 32-bit bus 
0 
0010 
Event-initiated 
access using 8-bit bus 
0 
0100 
Event-initiated 
access using 16-bit bus 
0 
0101 
Event-initiated 
access using 32-bit bus 
0 
0110 
Reserved 
0 
OX11 
Reserved 
for future products 
0 
1XXX 
Processor 
not halted, otherwise 
reserved 
1 
OXOO 
Processor 
not halted, otherwise 
reserved 
1 
OX01 
Processor 
not halted, otherwise 
reserved 
1 
OX10 
Reserved 
1 
0011 
Reserved 
1 
0111 
Reserved 
for future products 
1 
1XXX 


XINT7:O 
I 
EXTERNAL 
INTERRUPT 
pins are used to request interrupt 
service. 
These pins can 


A(E) 
be configured 
in three modes: 


A(L) 
Dedicated 
Mode: Each pin is assigned 
a dedicated 
interrupt 
level. Dedicated 
inputs 
can be programmed 
to be level (Iow or high) or edge (rising or falling) sensitive. 


Expanded 
Mode: All eight pins act as a vectored 
interrupt 
source. The interrupt 
pins 
are level sensitive 
in this mode. 


Mixed Mode: The Xll'iIT7:5 pins act as dedicated 
sources and the Xfl'\IT4:O pins act as 
the five most significant 
bits of a vectored 
source. The least significant 
bits of the 
vectored 
source are set to "010" internally. 
mM 
I 
NON-MASKABLE 
INTERRUPT 
causes a non-maskable 
interrupt 
event to occur. 


A(E) 
NMT is the highest priority interrupt 
source. NMT is falling edge triggered. 


CLKIN 
I 
CLOCK 
INPUT provides the time base for the 80960Hx. 
All internal 
circuitry 
is 
synchronized 
to CLKIN. All input and output timings are specified 
relative to CLKIN. 


For the 80960HD, 
the 2x internal clock is derived by multiplying 
the CLKIN frequency 
by 2. For the 80960HT, 
the 3x internal clock is derived 
by multiplying 
the CLKIN 
frequency 
by 3. 


"RESET 
I 
"RESET forces the device into reset. fiE"S"ET causes all external 
and internal 
signals 


A(L) 
to return to their reset state (if defined). 
The rising edge of RESET 
starts the 
processor 
boot sequence. 


STEST 
I 
SELF TEST, when asserted 
during the rising edge of RESET, causes the processor 


S(L) 
to execute 
its built in self-test. 
IADVANCE 
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P(1) 
IS assenea 
ana me processor 
ceases 
execution. 


0liICE 
I 
ON-CIRCUIT 
EMULATION 
control: the processor 
samples 
this pin during reset. If it 
is asserted 
low at the end of reset, the processor 
enters ONCE mode. In ONCE 
mode, the processor 
stops all clocks and floats all output pins except the TDO pin. 
ONC'E includes 
a nominal 80 k!l internal pull-up resistor. 


TCK 
I 
TEST CLOCK 
provides 
the clocking 
function 
for IE;EE 1149.1 Boundary 
Scan 
testing. 


TDI 
I 
TEST DATA INPUT is the serial input pin for IEEE 1149.1 Boundary 
Scan testing. 


TDO 
0 
TEST DATA OUTPUT 
is the serial output pin for IEEE 1149.1 Boundary 
Scan 
testing. 
ONCE does not disable this pin. 


TRST 
I 
TEST RESET asynchronously 
resets the Test Access 
Port (TAP) controller. TRST 
must be held low at least 10,000 clock cycles after power-up. 
One method 
is to 
provide TRST with a separate 
power-on-reset 
circuit. TRST includes 
a nominal 
65 k!l internal 
pull-up resistor. Pull this pin low when not in use. 


TMS 
I 
TEST MODE SELECT 
is sampled 
at the rising edge of TCK. TCK controls 
the 
sequence 
of TAP controller 
state changes 
for IEEE 1149.1 Boundary 
Scan testing. 
TMS includes 
a nominal 
80 k!l internal pull-up resistor. 


VCC5 
I 
5 V REFERENCE 
VOLTAGE 
input is the reference 
voltage for the 5 V-tolerant 
110 
buffers. This signal should be connected 
to +5 V for use with inputs which exceed 
3.3 V. If all inputs are from 3.3 V components, 
this pin should be connected 
to 3.3 V. 


VCCPLL 
I 
PLL VOLTAGE 
is the +3.3 VDC analog input for the PLL. 


VOLDET 
0 
VOLTAGE 
DETECT 
signal allows external system logic to distinguish 
between 
a 5 V 
80960Cx 
processor 
and the 3.3 V 80960Hx 
processor. 
This signal is active low for a 
3.3V 80960Hx 
(it is high impedance 
for 5 V 80960Cx). 
This pin is available 
only on 
- 
the PGA version. 


0= 
80960Hx 
1 = 80960Cx 
I 
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3.2 
80960Hx Mechanical Data 


3.2.1 
80960Hx PGA Pinout 


Figure 
2 depicts 
the complete 
80960Hx 
PGA pinout as viewed 
from the top side of the component 
(i.e., pins 


facing 
down). 
Figure 3 shows the complete 
80960Hx 
PGA pinout as viewed 
from the pin-side 
of the package 
(i.e., pins facing 
up). Table 8 lists the 80960Hx 
pin names 
with package 
location. 
See Section 
4.3, Recom- 


mended 
Connections 
(pg. 27) for specifications 
and recommended 
connections. 


S' 
R 
Q 
P 
N 
M 
L 
K 
J 
H 
G 
FED 
C 
B 
A 


2 
a a a a a a a a a a a a a a a a 
a 
025 
024 
021 
019 
017 
016 
015 
013 
012 
011 
09 
08 
07 
05 
03 
BOFF 
Vss 
a a a a a a a a a a a 
.0 a a a a 
a 
029 
027 
023 
020 
018 
Vcc 
014 
Vcc 
Vcc 
010 
Vcc 
os 
D4 
02 
01 
STEST 
PJt: 
a a a 
0 a a a a a a a a a a a a 
a 
= 
031 
026 
022 
Vcc 
Vss 
vss 
Vss 
Vss 
vss 
Vss 
Vcc 
00 
NC 
0JiICE 
OPl 
OPO 
a a a 
a a 
a 
HOLDA I!TEIm 
028 
Vss 
OP3 
OP2 
a a a 
a a 
a 
Ba 
HOLO 
030 
VCC5 
TCK 
VOLOET 
a a a 
a a 
a 
SE2 
~ 
Vcc 
Vcc 
TMS 
TRST 
a a a 
a a 
a 
!!ET 
Vcc 
Vss 
Vss 
Vcc 
IDI 
a 2 $? 
a a 
a 
BaST 
vss 
l'l:IlK 
TOO 
a a 
$? 
a a 
a 
urn 
BEl 
Vss 
Vcc 
NC 
a a a 
a a 
a 
WIR 
Vcc 
Vss 
Vss 
VCCPLl 
NC 
a a a 
a a 
a 
OTIR 
Vcc 
Vss 
- 
vse 
vcc 
CTO 
a a a 
a a 
a 
WliIT 
BSTALL 
SUP 
Vss 
Vcc 
CT1 
a a a 
a a 
a 
O/C 
BREQ 
A30 
CLKIN 
NC 
CT2 
a a a' 
a a 
a 
= 
A29 
A28 
Vcc 
NC 
CT3 
a a a a a a a a a a a a a a a a 
a 
A31 
A26 
A24 
A20 
Vcc 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vcc 
NW 
Xl1'm 
Xffmj 
XINTT 
a a a a a a a a a a a a a a a a 
a 
AV 
A23 
A21 
A19 
A16 
vcc 
A13 
Vcc 
Vcc 
Vcc 
A7 
Vcc 
A4 
A2 
XlI'ITS xrnn 
ROSET 
a a a a a a a a a a a a a a a a 
a 
A25 
A22 
A18 
A17 
A15 
A14 
A12 
All 
Al0 
A9 
AS 
AS 
AS 
A3 
XTm7 
XIm1: 
XIIrn! 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 
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Figure 2. 80960Hx 168-Pin PGA Pinout- 
View from Top (Pins Facing Down) 
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A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 
R 
S 
0 
0 
0 ·0 0 
0 
0 
0 
0 
0 
0 '0 
0 
0 
0 
0 
0 


v •• 
lroFF 
03 
05 
07 
08 
09 
011 
012 
013 
015 
018 
017 
019 
021 
024 
025 


2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
J;UC 
STEST 
01 
02 
04 
De 
VCC 
010 
VCC 
VCC 
014 
Vcc 
018 
020 
023 
027 
029 


3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -0 
3 
OPO 
OP1 
lll'Il:E 
NC 
DO 
Vcc 
vs. 
vs. 
vs. 
~ss 
Vss 
v.s 
Vcc 
022 
028 
031 
lIDm 


4 '0 
0 
0 
0 
0 
0 
4 
OP2 
OP3 
v •• 
028 
llTEIm 
HOLOA 


5 
0 
0 
0 
0 
0.0 
5 
VOLOET 
TCK 
VCC5 
030. 
HOLD m 
6 
0 
0 
0 
0 
0 
0 
6 
TRST 
TMS 
Vcc 
vcc 
;J;CS 
m 
7 
0 
0 
0 
0 
0 
0 
7 
TOI 
Vcc 
v•• 
v •• 
Vcc 
m 
8 
0 
0 
0 
0 
0 
0 
8 
TOO 
l'llHR 
v •• 
Package 
Lld 
Vss 
Vcc 
MAST 
9 
0 
0 
0 
0 
0 
0 
9 
NC 
Vcc 
,vss 
vs. 
BEll 
lIDl 
10 
0 
0 
0 
0 
0 
0 
10 
NC 
VCCPLL 
vs. 
v ss 
Vcc 
WIR 
11 
0 
0 
0 
0 
0 
0 
11 


CTO 
() () 
() () 
OTIR 
12 
0 
0 
12 
CT1 
vcc 
vs. 
SUI' 
BSTALL Wl'JT 
13 
0 
0 
0 
0 
0 
0 
13 
CT2 
NC 
CLKIN 
A30 
BREO 
DIt: 


14 
0 
0 
0 
0 
0 
0 
14 
CT3 
NC 
vcc 
A28 
A29 
COCK 
15 
0 
0 
0 
0 
0 
0 
0 '0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
XIRTi 
JmilTll :mm 
Im1 
Vcc 
vs. 
Vss 
v •• 
Vss 
v •• 
vs. 
vs. 
Vcc 
A20 
A24 
A28 
A31 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
l'fESET 
~ 
XIm'l! 
A2 
A4 
Vcc 
A7 
Vcc 
Vcc 
Vcc 
A13 
Vcc 
A18 
A19 
A21 
A23 
A27 
17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
XIIiI'rn 
xrrm 
XIm7 
A3 
AS 
A8 
AS 
A9 
A10 
A11 
A12 
A14 
A15. 
A17 
A18 
A22 
A25 


A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 
R 
S 


Figure 
3. 80960Hx 
168-Pln 
PGA Plnout 
- 
View from 
Bottom 
(Pins 
Facing 
Up) 
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Table7. 80960Hx 168-PinPGA Pinout- SignalName Order (Sheet1 of2) 


SignalName 
PGA 
SignalName 
PGA 
SignalName 
PGA 
SignalName 
PGA 
Pin 
Pin 
Pin 
Pin 


A2 
016 
JrnS 
R6 
014 
L2 
[O"CK 
S14 


A3 
017 
BEG 
R9 
015 
L1 
NC 
A9 


A4 
E16 
~ 
S7 
016 
M1 
NC 
A10 


AS 
E17 
BE2 
S6 
017 
N1 
NC 
B13 


A6 
F17 
BE3 
SS 
018 
N2 
Ne 
B14 


A7. 
G16 
BUST 
S8 
019 
P1 
NC 
03 


A8 
G17 
BOFF 
B1 
020 
P2 
NM1 
015 


A9 
H17 
BREQ 
R13 
021 
01 
ORCE 
C3 


A10 
J17 
BSTALL 
R12 
022 
P3 
~ 
B8 


A11 
K17 
BTEFm 
R4 
023 
02 
READY 
S3 


A12 
L17 
CLKIN 
C13 
024 
R1 
RESET 
A16 


A13 
L16 
CTO 
A11 
025 
81 
STEST 
B2 


A14 
M17 
CT1 
A12 
026 
03 
SUP 
012 


A15 
N17 
CT2 
A13 
027 
R2 
TCK 
B5 


A16 
N16 
CT3 
A14 
,028 
04 
TOI 
A7 


A17 
P17 
o/C 
S13 
029 
S2 
TOO 
A8 


A18 
·017 
00 
E3 
030 
05 
TMS 
B6 


A19 
P16 
01 
C2 
031 
R3 
TRST 
A6 


A20 
P15 
02 
02 
DEN 
S9 
Vcc 
B7 


A21 
016 
03 
C1 
OPO 
A3 
Vcc 
B9 


A22 
R17 
04 
E2 
OP1 
B3 
Vcc 
B11 


A23 
R16 
05 
01 
OP2 
A4 
Vcc 
B12 


A24 
015 
06 
F2 
OP3 
B4 
Vcc 
C6 


A25 
S17 
07 
E1 
OT/R 
S11 
Vcc 
C14 


A26 
R15 
08 
F1 
FJO[ 
A2 
Vcc 
E15 


A27 
S16 
09 
G1 
-- 
-- 
Vcc 
F3 


A28 
014 
010 
H2 
-- 
-- 
Vcc 
F16 


A29 
R14 
011 
H1 
- 
-- 
Vcc 
G2 


A30 
013 
012 
J1 
HOLO 
R5 
Vcc 
H16 


A31 
S15 
013 
K1 
HOLOA 
84 
Vcc 
J2 
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Table 7. 80960Hx 168-Pln PGA Plnout - 
Signal Name Order 
(Sheet 2 of 2) 


Signal Name 
PGA 
Signal Name 
PGA 
Signal Name 
PGA 
Signal Name 
PGA 
Pin 
Pin 
Pin 
Pin 


Vcc 
J16 
VCCPLL 
B10 
Vss 
H3 
·Vss 
010 


VCC 
K2 
YOLDET 
A5 
Vss 
H15 
Vss 
011 


VCC 
K16 
Vss 
A1 
Vss 
J3 
wlR 
S10 


Vcc 
M2 
Vss 
C4 
Vss 
J15 
mrr 
S12 


VCC 
M16 
Vss 
C7 
Vss 
K3 
XIN'rn 
B15 


VCC 
N3 
Vss 
C8 
Vss 
K15 
XINTf 
A15 


Vcc 
N15 
Vss 
C9 
Vss 
L3 
XfFfr2 
A17 


Vcc 
06 
Vss 
C10 
Vss 
L15 
XTffr3 
B1G 


VCC 
R7 
Vss 
C11 
Vss 
M3 
xrnn 
C15 


Vcc 
R8 
Vss 
C12 
Vss 
M15 
xrnT5 
B17 


VCC 
R10 
Vss 
F15 
Vss 
07 
xmT6 
C16 


VCC 
R11 
Vss 
G3 
Vss 
08 
xmT7 
C17 


VCC5 
C5 
Vss 
G15 
Vss 
09 
- 
-- 
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Table8. 80960Hx 168-PlnPGA Plnout- PinNumbt;!rOrder (Sheet1 of2) 


PGA 
SignalName 
PGA 
SignalName 
PGA 
SignalName 
PGA 
SignalName 
Pin 
Pin 
Pin 
Pin 


Al 
Vss 
B14 
NC 
E15 
Vcc 
K15 
Vss 


A2 
'FA![ 
B15 
Xff\JTO 
E16 
A4 
K16 
Vcc 


A3 
OPO 
B16 
X1l'JT3 
E17 
AS 
K17 
All 


A4 
OP2 
B17 
XTNT5 
Fl 
08 
Ll 
015 


AS 
VOLOET 
Cl 
03 
F2 
06 
L2 . 
014 


A6 
TRST 
C2 
01 
F3 
Vcc 
L3 
Vss 


A7 
TOI 
C3 
c:mcr 
F15 
Vss 
L15 
Vss 


A8 
TOO 
C4 
Vss 
F16 
Vcc 
L16 
A13 


A9 
NC 
C5 
VCC5 
F17 
A6 
L17 
A12 


Al0 
NC 
C6 
Vcc 
Gl 
09 
Ml 
016 


All 
CTO 
C7 
Vss 
G2 
Vcc 
M2 
Vcc 


A12 
CTl 
C8 
Vss 
G3 
Vss 
M3 
Vss 
A13 
CT2 
C9 
Vss 
G15 
Vss 
M15 
Vss 
A14 
CT3 
Cl0 
Vss 
G16 
A7 
M16 
Vcc 
A15 
mJ\IT1 
Cll 
Vss' 
G17 
A8 
M17 
A14 


A16 
REET 
C12 
Vss 
Hl 
011 
Nl 
017 


A17 
XfI'JT2 
C13 
CLKIN 
H2 
010 
N2 
018 


Bl 
BOFF 
C14 
Vcc 
H3 
Vss 
N3 
Vcc 
B2 
STEST 
C15 
XTf\JT4 
H15 
Vss 
N15 
Vcc 
B3 
OP1 
C16 
XIf\JT6 
H16 
Vcc 
N16 
A16 


B4 
OP3 
C17 
mm7 
H17 
A9 
N17 
A15 


B5 
TCK 
01 
05 
Jl 
012 
Pl 
019 


B6 
TMS 
02 
02 
J2 
Vcc 
P2 
020 


B7 
Vcc 
03 
NC 
J3 
Vss 
P3 
022 


B8 
'PCRR 
015 . 
NMT 
J15 
Vss 
P15 
A20 


B9 
Vcc 
016 
A2 
J16 
Vcc 
P16 
A19 


B10 
VCCPLL 
017 
A3 
J17 
Al0 
P17 
A17 


Bll 
Vcc 
El 
07 
K1 
013 
Ql 
021 


B12 
Vcc 
E2 
04 
K2 
Vcc 
Q2 
023 


B13 
NC 
E3 
00 
K3 
Vss 
Q3 
D26 
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uo 
Vcc 
R1 
024 
R13 
BREQ 
S8 
BCAST 


Q7 
VSS 
R2 
027 
R14 
A29 
S9 
OB'J 


Q8 
VSS 
R3 
031 
R15 
A26 
S10 
WIR 


Q9 
VSS 
R4 
~ 
R16 
A23 
S11 
OTIR 


Q10 
VSS 
R5 
HOLD 
R17 
A22 
S12 
WAIT 


Q11 
VSS 
R6 
AOS 
S1 
025 
S13 
o/C . 


Q12 
SOl' 
R7 
VCC 
S2 
029 
S14 
meR 


Q13 
A30 
R8 
VCC 
S3 
"READ'? 
S15 
A31 


Q14 
A28 
R9 
B"EO 
S4 
HOLOA 
S16 
A27 


Q15 
A24 
R10 
VCC 
S5 
~ 
S17 
A25 
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Jmm 
= 
xnm 
v•• 
Vas 
'SUP' 
~ 
~ 
llIlm 
Vc<: 
XJ'RT2 
vas 
xrmT 
Vss 
X!fITO 
Vc< 
vas 
BSTALL 
Vc<: 
wm 
vas 
DTIR' 


Vcc 
wfF( 
R'ES'ET 
vcc 
\ 


CLKIN 
Vu 
Vcc 
O'ER 


VCCPLl 
'BC',I;ST 
v.. 
~ 
Vc<: 
NIT 
en 
Vcc 
= 
~ 
~ 
m 
C~ 
m 


Vss 
xcs 
~ 
~ 
~ 
~ 
~ 
~ 
TOO 
Vu 
PCRK 
HOLDA 
~ 
~ 
m 
~ 
= 
~w 
TRST 
~ 
TCK 
!TERM 
~ 
~ 
~ 
~ 
VCCB 
031 
~ 
~ 
Vcc 
D~ 
Vu 
~8 
Vcc 
Vcc 
OP3 
Vcc 
D~ 
Vu 
~ 
= 
~ 
= 
= 
• 
= 
STEST 
Vas 


PIN20S/ 
/ 
H,i!,ll~~ nJl~Jl8 
Q sanJJl 
~:3 i!i S,i!,ll881;g ,i!,lln~ 1; ~ ~Jl1i51i~JJl ~JlnJlg ~S ~PIN53 


~1 
~~ 


Figure 4. 80960Hx 208·Pln PQ2 Plnout 
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Table9. 80960Hx PQ2 Pinout- SignalName Order (Sheet1 of2) 


SignalName 
PQ2 
SignalName 
PQ2 
SignalName 
PQ2 
SignalName 
PQ2 
Pin 
Pin 
Pin 
Pin 


A2 
151 
- 
S'EO 
83 
016 
39 
~ 
189 


A3 
150 
BEl 
82 
017 
40 
'R"EADY 
68 


A4 
147 
'BE2 
79 
018 
41 
RESET 
174 


A5 
146 
B'E3 
78 
019 
42 
STEST 
208 


A6 
145 
lJ[AST 
84 
020 
45 
SUP 
97 


A7 
144 
BUFF 
10 
. 021 
50 
TCK 
194 


A8 
141 
BREQ 
100 
022 
51 
TOO 
188 


A9 
140 
BSTALL 
91 
023 
52 
TDI 
191 


A10 
139 
"BTElm 
67 
024 
54 
TMS 
192 


A11 
138 
CLKIN 
175 
,025 
55 
TRST 
193 


A12 
135 
CTO 
183 
026 
56 
Vcc 
1 


·A13 
134 
CT1 
182 
027 
57 
Vcc 
4 


A14 
133 
CT2 
181 
028 
61 
Vcc 
9 


A15 
132 
CT3 
1,80 
029 
62 
Vcc 
11 


A16 
127 
o/C 
96 
030 
63 
Vcc 
17 


A17 
126 
00 
12 
031 
64 
Vcc 
19 


A18 
125 
01 
13 
l>EN 
85 
Vcc 
25 


A19 
124 
02 
14 
OPO 
206 
Vcc 
31 


A20 
121 
03 
15 
OP1 
207 
Vcc 
33 


A21 
120 
04 
20 
OP2 
203 
Vcc 
38 


A22 
119 
05 
21 
OP3 
202 
Vcc 
44 


A23 
118 
06 
22 
OT/R 
89 
Vcc 
46 


A24 
113 
07 
23 
FAf[ 
5 
Vcc 
49 


A25 
112 
08 
26 
-- 
-- 
Vcc 
59 


A26 
111 
09 
27 
-- 
-- 
Vcc 
60 


A27 
110 
010 
28 
-- 
-- 
Vcc 
66 


A28 
~07 
011 
29 
HOLO 
69 
Vcc 
71 


A29 
106 . 
012 
34 
HOLOA 
72 
Vcc 
74 


A30 
105 
013 
35 
I:OCK 
99 
Vcc 
76 


A31 
104 
014 
36 
NMI 
159 
Vcc 
81 


ADS 
'77 
015 
37 
ONCE 
6 
Vcc 
87 


1-88 
ADVANCE INFORMATION 


.' 


intel· 
80960HAlHDIHT 


Table 9. 80960Hx PQ2 Plnout - 
Signal Nam!! Order 
(Sheet 2 of 2) 


Signal Name 
PQ2 
Signal Name 
PQ2 
Signal Name 
PQ2 
Signal Name 
PQ2 
Pin 
Pin 
Pin 
Pin 


Vcc 
92 
Vcc 
187 
Vss 
70 
Vss 
164 


Vcc 
95 
Vcc 
196 
Vss 
73 
Vss 
170 


Vcc 
101 
Vcc 
199 
Vss 
75 
Vss 
172 


Vcc 
102 
Vcc 
201 
Vss 
80 
Vss 
178 


Vcc 
109 
Vcc 
204 
Vss 
86 
Vss 
184 


Vcc 
115 
VCC5 
197 
Vss 
93 
Vss 
186 


Vcc 
117 
VCCPLL 
177 
Vss 
94 
Vss 
190 


Vcc 
123 
Vss 
2 
Vss 
98 
Vss 
195 


Vcc 
128 
Vss 
3 
Vss 
103 
Vss 
198 


Vcc 
131 
Vss 
7 
Vss 
108 
Vss 
200 


Vcc 
137 
Vss 
8 
Vss 
114 
Vss 
205 


Vcc 
143 
Vss 
16 
Vss 
116 
wlR 
88 


Vcc 
149 
Vss 
18 
Vss 
122 
WJOT 
90 


Vcc 
153 
Vss 
24 
Vss 
129 
XI'f'mS 
169 


Vcc 
154 
Vss' 
30 
Vss 
130 
XJNTl 
168 


Vcc 
158 
Vss 
32 
Vss 
136 
XI'fJT2 
167 


Vcc 
165 
Vss 
43 
Vss 
142 
xmT3 
166 


Vcc 
171 
Vss 
47 
Vss 
148 
xmTiJ 
163 


Vcc 
173 
Vss 
48 
Vss 
152 
XI'NT5 
162 


Vcc 
176 
Vss 
53 
Vss 
155 
XIN'rn 
161 


Vcc 
179 
Vss 
58 
Vss 
156 
xmT7 
160 


Vcc 
185 
Vss 
65 
Vss 
157 
.. 
-- 
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Table10.80960Hx PQ2 Plnout- PinNumber Order (Sheet1 of2) 


PQ2 
SignalName 
PQ2 
SignalName 
PQ2 
SignalName 
PQ2 
SignalName 
Pin 
Pin 
Pin 
Pin 


1 
Vcc 
31 
Vcc 
61 
028 
91 
BSTALL 


2 
Vss 
32 
Vss 
62 
029 
92 
Vcc 


3 
Vss 
33 
Vcc 
63 
030 
93 
Vss 


4 
Vcc 
34 
012 
64 
031 
94 
Vss 


5 
FA![ 
35 
013 
65 
Vss 
95 
Vcc 


6 
'ONCE 
36 
014 
66 
Vcc 
96 
O/C 


7 
Vss 
37 
015 
67 
~ 
97 
SIJP 


8 
Vss 
38 
Vcc 
68 
"READY 
98 
Vss 


9 
Vcc 
39 
016 
69 
HOLO 
99 
meR 


10 
~ 
40 
017 
70 
Vss 
100 
BREQ 


11 
Vcc 
41 
018 
71 
Vcc 
101 
Vcc 


12 
00 
42 
019 
72 
HOLOA 
102 
Vcc 


13 
01 
43 
Vss 
73 
Vss 
103 
Vss 
14 
02 
44 
Vcc 
74 
Vcc 
104 
A31 


15 
03 
45 
.020 
75 
Vss 
105 
A30 


16 
Vss 
46 
Vcc 
76 
Vcc 
106 
A29 


17 
Vcc 
47 
Vss 
77 
ADS 
107 
A28 


18 
Vss 
48 
Vss 
78 
BE3 
108 
Vss 
19 
Vcc 
49 
Vcc 
79 
~ 
109 
Vcc 
20 
04 
50 
021 
80 
Vss 
110 
A27 


21 
05 
51 
022 
81 
Vcc 
111 
A26 


22 
06 
52 
023 
82 
BET 
112 
A25 


23 
07 
53 
Vss 
83 
BEO 
113 
A24 


24 
Vss 
54 
024 
84 
BO;ST 
114 
Vss 
25 
Vcc 
55 
025 
85 
DEN 
115 
Vcc 
26 
08 
56 
026 
86 
Vss 
116 
Vss 
27 
09 
57 
027 
87 
Vcc 
117 
Vcc 
28 
010 
58 
Vss 
88 
wlR 
118 
A23 


29 
011 
59 
Vcc 
89 
OTIR 
119 
A22 


30 
Vss 
60 
Vcc 
90 
WAIT 
120 
A21 
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Table10. 80960Hx PQ2 Pinout- Pin Number Order (Sheet2 of2) 


PQ2 
SignalName 
PQ2 
SignalName 
PQ2 
SignalName 
PQ2 
SignalName 
Pin 
Pin 
Pin 
Pin 


121 
A20 
143 
Vcc 
165 
Vcc 
187 
Vcc 


122 
Vss 
144 
A7 
166 
XI1'm 
188 
TOO 


123 
Vcc 
145 
A6 
167 
XTm2 
189 
P'CRR 


124 
A19 
146 
A5 
168 
XfI\JTl 
190 
Vss 


125 
A18 
147 
A4 
169 
~ 
191 
TOI 


126 
A17 
148 
Vss 
170 
Vss 
192 
TMS 


127 
A16 
149 
Vcc 
171 
Vcc 
193 
TRST 


128 
Vcc 
150 
A3 
172 
Vss 
194 
TCK 


129 
Vss 
151 
A2 
173 
Vcc 
195 
Vss 


130 
Vss 
152 
Vss 
174 
RESET 
196 
Vcc 


131 
Vcc 
153 
Vcc 
175 
CLKIN 
197 
VCC5 


132 
A15 
154 
Vcc 
176 
Vcc 
198 
Vss 


133 
A14 
155 
Vss 
177 
VCCPLL 
199 
Vcc 


134 
A13 
156 
Vss 
178 
Vss 
200 
Vss 


135 
A12 
157 
Vss 
179 
Vcc 
201 
Vcc 


136 
Vss 
158 
Vcc 
180 
CT3 
202 
OP3 


137 
Vcc 
159 
NMT 
181 
CT2 
203 
OP2 


138 
A11 
160 
Xff\J'Ti 
182 
CT1 
204 
Vcc 


139 
A10 
161 
X11ilT6 
183 
CTO 
205 
Vss 


140 
A9 
162 
XTf'JT5 
184 
Vss 
206 
OPO 


141 
A8 
163 
XlNT4 
185 
Vcc 
207 
OP1 


142 
Vss 
164 
Vss 
186 
Vss 
208 
STEST 
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3.3 
Package Thermal Specifications 


The 80960Hx 
is specified 
for operation 
when Tc (case temperature) 
is within the range of O°C-S50C. Tc may 
be measured 
in any environment 
to determine 
whether 
the 80960Hx 
is within the specified 
operating 
range. 


Measure 
the case temperature 
at the center of the top surface, 
opposite the pins. Refer to Figure 5. 


TA (ambient 
temperature) 
is calculated 
from 9CA (thermal 
resistance 
from case to ambient) 
using the equation: 


TA = TC - P*9CA 


Table 
11 shows 
the 
maximum 
TA allowable 
(without 
exceeding 
Tcl at 
various 
airflows 
and 
operating 
frequencies 
(fCLKIN)' 


Note 
that 
TA is greatly 
improved 
by attaching 
fins 
or 
a heatslnk 
to the 
package. 
P 
(maximum 
power 


consumption) 
is calculated 
by using the typical 'cc as tabulated 
in Section 4.5, DC Specifications 
(pg. 29) and 


Vcc of 3.3 V. 


Measure 
PGAlPQ2 
temperature 
at ----_ 
center 
of top surface 


Figure 5. Measuring 
80960Hx 
PGA Case Temperature 


.. 
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Table 
11. Maximum 
TA at Various 
Airflows 
In ·C (PGA Package 
Only) 


Airflow-ftImin 
(m/sec) 


0 
200 
400 
600 
800 
1000 
fCLKlN (MHz) 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


Core 
TA with 
40 
52 
62 
70 
72 
75 
75 
1X Bus 
Heatsink* 
33 
56 
65 
72 
74 
77 
77 
Clock 
25 
62 
69 
75 
76 
78 
78 


TA without 
40 
41 
49 
57 
62 
65 
67 
Heatsink 
33 
47 
54 
61 
65 
68 
70 
25 
55 
60 
66 
69 
71 
73 


Core 
TA with 
33 
36 
51 
63 
67 
70 
70 
2X Bus 
Heatsink* 
25 
46 
58 
67 
70 
73 
73 
Clock 
16 
58 
67 
73 
75 
77 
77 


TA without 
33 
21 
32 


: 


i4 
51 
55 
59 
Heatsink 
25 
34 
43 
52 
58 
61 
64 
16 
50 
56 
63 
67 
69 
71 


Core 
TA with 
25 
32 
49 
61 
65 
6.9 
69 
3X Bus 
Heatsink* 
20 
42 
55 
~5 
69 
72 
72 
Clock 
TA without 
25 
16 
28 
40 
49 
53 
57 
Heatsink 
20 
28 
38 
48 
55 
59 
62 
.. 
NOTES: 
'0.285" high unidirectional 
heatsink 
(AI alloy 6061, 50 rnll fin width, 150 mil center-to-center 
fin spacing). 


Table 12. 
80960Hx 
168-Pin 
PGA Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·ClWatt 


Airflow 
- 
ft.lmln 
(m/sec) 


Parameter 
0 
200 
400 
600 
800 
1000 


(0) 
(1.01) 
(2.03) 
(3.07) 
(4.06) 
(5.07) 


e Junction-to-Case 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
eJA 
(Case measured 
as 
shown 
in Figure 5) 
teJC 
e Case-to-Ambient 
17 
14 
11 
9 
8 
7 
I 
I 
I, 
(No Heatsink) 


e Case-to-Ambient 
13 
9 
6 
5 
4 
4 
UUU 
UUU 
(With Heatsink)* 


NOTES: 
1. 
This table applies 
to 80960Hx PGA plugged 
into socket "Orsoldered 
directly 
to board. 


2. 
9JA = 9JC + 9CA 
'0.285" high unidirectional 
heatsink 
(AI alloy 6061,50 
rnll fin width, 150 mil center-to-center 
fin 9pacing). 
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Table 13. 
Maximum 
TA at Various 
Airflows 
In ·C (PQ2 Package 
Only) 


Alrflow-ftlmln 
(m/sec) 


.fCLKIN (MHz) 
0 
200 
400 
600 
800 
1000 


(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


Core 
TA with 
40 
57 
67 
72 
72 
75 
75 
1X Bus 
Heatsink* 
33 
61 
70 
74 
74 
77 
77 
Clock 
25 
66 
73 
76 
.76 
78 . 


78 


TA without 
40 
54 
59 
65 
65 
67 
67 
Heatsink 
33 
59 
63 
68 
68 
70 
70 
25 
64 
67 
71 
71 
73 
73 


Core 
TA with 
33 
44 
59 
67 
67 
70 
70 
2X Bus 
Heatsink* 
25 
52 
64 
70 
70 
73 
73 
Clock 
16 
63 
71 
75 
75 
77 
·77 


TA without 
33 
40 
48 
55 
55 
59 
59 
Heatsink 
25 
49 
55 
61 
61 
64 
64 
16 
61 
65 
69 
69 
71 
71 


Core 
TA with 
25 
40 
57 
65 
65 
69 
69 
3X Bus 
Heatsink* 
20 
48 
62 
69 
69 
72 
72 
Clock 
TA without 
25 
36 
45 
53 
53 
57 
57 
Heatsink 
20 
45 
52 
59 
59 
62 
62 


NOTES: 
'0.285" 
high unidirectional 
heatsink (AI alloy 6061. 50 mil fin width. 
150 mil center-to-center 
fin spacing). 


Table 14. 
80960Hx 
208-Pin 
PQ2 Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·ClWatt 


Airflow 
- 
ft.!min 
(m/sec) 


Parameter 
0 
200 
400 
600 
800 
1000 


(0) 
(1.01) 
(2.03) 
(3.07) 
(4.06) 
(5.07) 


9 Junction-ta-Case 
1 
1 
1 
1 
1 
1 
9JA 
(Case measured 
as 
shown in Figure 5) 
t9JC 


9 Case-ta-Ambient 
12 
10 
8 
8 
7 
.7 
I 
I 
(No Heatslnk) 


e Case-ta-Ambient 
11 
7 
5 
5 
4 
4 
UUU 
'UUU 
(With Heatsink)* 


NOTES: 


1. 
This table applies 
to 80960Hx 
PQ2 plugged 
into socket 
or soldered 
directly 
to board. 


2. 
9JA = 9JC + 9CA 


'0.285" 
high unidirectional 
heatsink 
(AI alloy 6061. 50 rnil fin width. 
150 mil center-to-center 
fin spacing). 
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3.4 
HeatSink Adhesives 


Intel 
recommends 
silicone-based 
adhesives 
to 
attach heat sinks to the PGA package. There is no 
particular 
recommendation 
conceming 
the 
PQ2 
package. 


3.5 
PowerQuad2Plastic Package 


The 80960Hx family is available in an improved 
version 
of the 
common 208-lead SQFP plastic 
package called the PowerQuad2* (PQ2). The PQ2 
package dimensions and lead pitch are identical to 
the SQFP package, so the PQ2 fits Into the same 
board footprint. The advantage of the PQ2 package 
is the superior thermal conductivity that allows the 


80960HAlHDIHT 


plastic version of the 80960Hx to operate with the 
same 0 - 85°C temperature specifications as the 
more expensive ceramic PGA package. 


The PQ2 package integrates a copper heat sink 
within the package to dissipate heat effectively. See 
Table 13 and Table 14 on page 24. 


3.6 
Stepping Register Information 


The 
memory-mapped 
register 
at 
FF008710H 
contains the 80960Hx Device ID. The ID is Identical 
to the ID obtained from a JTAG Query. Figure 6 
defines the current 80960Hx Device IDs. The value 
for device Identification is compliant with the IEEE 
1149.1 specification and Intel standards. Table 15 
describes the fields of the device ID. 


Part Number 


Manufacturer 
ID 
...- __ 
1_---.:.._ 


Product 


Figure 6. 80960Hx Device Identification 
Register 


8 
4 
0 


Table 15. Fields of 80960Hx Device ID 


Field 
Value 
Definition 
" 


Version 
See Table 17 
Indicates major stepping changes. 


Vcc 
1 = 3.3 V device 
Indicates that a device is 3.3 V. 


Product Type 
000100 
Designates type of product. 
. 


(Indicates i960 CPU) 


Generation Type 
0010 = H-series 
indicates the generation (or series) the product belongs to. 


Model 
See Table 16 
Indicates member within a series and specific model information. 


Manufacturer ID 
000 0000 1001 
Manufacturer ID assigned by IEEE. 


(Indicates Intel) 
J ADVANCE 
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Table 16. 
80960Hx 
Device 
ID Model 
Types 


Device 
Version 
Vcc 
Product 
Gen. 
. Model 
Manufacturer 
ID 
'1 ' 


80960HA 
1 
000100 
0010 
00000 
00000001001 
1 


80960HD 
See 
1 
000100 
0010 
00001 
00000001001 
1 


80960HT 
Table 17 
1 
000100 
0010 
00010 
00000001001 
1 


Table 17. 
Device 
ID Version 
Numbers 
for Different 
Stepplngs 


Stepping 
Version 


AO 
0000 


A1 
0001 


A2 
0001 


BO 
0010 


3.7 
Sourcesfor Accessories 


The 
following 
Is a 
list 
of 
suggested 
sources 
for 
80960Hx 
accessories. 
This 
is 
neither 
an 
endorsement 
nor a warranty 
of the performance 
of 
any of the listed products 
and/or companies. 


Sockets 


• 3M Textool Test and Interconnection 
Products 
6801 River Place Blvd. MS 130-3N-29 
Austin, 
TX 78726-2963 
(800) 328-0411 
FAX: (800) 932-9372 


• Augat, 
Inc. Interconnection 
Products 
Group 
452 John Dietsch 
Blvd. P.O. Box 2510 
Attleboro 
Falls, MA 02763 
(508) 699-7646 


• Concept 
Mfg, Inc. (Decoupling 
Sockets) 
400 Walnut St. Suite 609 
Redwood 
City, CA 94063 
(415) 365-1162 
FAX: (415) 365-1164 


1-96 


Heatslnks/Flns 


• Thermalloy, 
Inc. 


.2021 West Valley View Lane 
.Dallas, TX 75234-8993 
(214) 243-4321 
FAX: (214) 241-4656 
. 


• Wakefield 
Engineering, 
Inc. 
60 Audubon 
Road 
Wakefield, 
MA 01880 
(617) 245-5900 
FAX: (617) 246-0874 
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4.0 
ELECTRICAL'SPECIFICATIONS 


4.1 
Absolute Maximum Ratings 


Parameter 
Maximum Rating 


-sssc to +150°C 
-es-c to +110°C 


-0.5 V to + 4.6 V 


-0.5 V to + 6.5 V 


-0.5 V to Vcc + 0.5 V 


Storage Temperature 


Case Temperature Under Bias 


Supply Voltage wrt. Vss 


Voltage on VCC5 wrt. Vss 


Voltage on Other Pins wrt. Vss 


4.2 
Operating Conditions 


80960HAlHDIHT 


NOTICE: 
This document 
contains 
information 
on 
products 
in the sampling 
and Initial production 
phases of development. 
The specifications 
are 
subject to change without 
notice. Verify with your 
locallntel 
sales office that you have the latest 
datasheet 
before finalizing 
a design. 


'WARNlNG: 
Stressing 
the device 
beyond 
the 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent damage. These are stress ratings only. 
Operation beyond the "Operating Conditions" is not 
recommended and extended exposure beyond the 
"Operating Conditions" may affect device reliability. 


Table 18. OperatIng 
Conditions 


Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Supply Voltage 
3.15 
3.45 
V 


VCC5 
Input Protection 
Bias 
3.15 
5.5 
V 


fCLKIN 1xcore 
Input Clock Frequency 
- 1x Core (80960HA) 
16 
40 
MHz 


fCLKIN 2xcore 
Input Clock Frequency 
- 2x Core (80960HD) 
16 
33 
MHz 


fCLKIN 3xcore 
Input Clock Frequency 
- 3x Core (80960HT) 
16 
25 
MHz 


Tc 
Case Temp Under Bias 
PGA Pkg 
0 
85 
cC 


4.3 
RecommendedConnections 


Power 
and 
ground 
connections 
must 
be made 
to 
multiple 
Vcc 
and Vss (GND) 
pins. Every 
80960Hx- 
based 
circuit 
board 
should 
include 
power 
(Vccl 
and 
ground 
(Vss) 
planes 
for 
power 
distribution. 
Every 
Vcc 
pin 
must 
be 
connected 
to the 
power 
plane; 
every 
Vss pin 
must 
be 
connected 
to the 
ground 
plane. 
Pins identified 
as "NC" -no 
connect 
pins- 


mustnot 
be connected 
in the system. 


Liberal 
decoupling 
capacitance 
should 
be 
placed 
near 
the 
80960Hx. 
The 
processor 
can 
cause 
transient 
power 
surges 
when 
its numerous 
output 
buffers 
transition, 
particularly 
when 
connected 
to 
large capacitive 
loads. 


] 
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Low 
inductance 
capacitors 
and 
interconnects 
are 
recommended 
for 
best 
high-frequency 
electrical 
performance. 
Inductance 
can 
be 
reduced 
by 
shortening 
the board traces 
between 
the processor 
and 
decoupling 
capacitors 
as 
much 
as 
possible. 
Capacitors 
specifically 
designed 
for PGA packages 
offer the lowest possible 
Inductance. 


For reliable operation, 
always connect 
unused 
inputs 
to 
an 
appropriate 
signal 
level. 
In 
particular, 
any 
unused 
Interrupt 
(XTf\JT7:0, milT) 
input 
should 
be 
connected 
to 
Vcc 
through 
a 
pull-up 
resistor, 
as 
should BTE11fJ if not used. 
Pull-up 
resistors 
should 
be in the in the range of 20 Kn for each pin tied high. 
If READ? or HOLD 
are not used, the unused 
input 
should 
be connected 
to 
ground. 
N.C. 
pins 
must 
always 
remain 
unconnected. 
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4.4 
VCC5 Pin Requirements (VDIFF) 


In 
mixed 
voltage 
systems 
that 
drive 
80960Hx 
processor Inputs In excess of 3.3 V, the VCC5 pin 
must be connected to the system's 5 V supply. To 
limit current flow Into the VCC5 pin, there Is a limit to 
the voltage differential between the VCC5 pin and 
the other Vcc pins. The voltage differential between 
the 80960Hx VCC5 pin and its 3.3 V Vcc pins should 
never exceed 2.25 V. This limit applies to power-up, 
power-down, and steady-state operation. Table 19 
outlines this requirement. 


Meeting this requirement ensures proper operation 
and guarantees that the current draw into the VCC5 
pin does not exceed the ICC5 specification. 


infel· 


If the voltage difference requirements cannot be met 
due 
to 
system 
design 
limitations, 
an 
alternate 


solution may be employed. As shown In Figure 7, a 
minimum of 100 n series resistor may be used to 
limit the current Into the VCC5 pin. This resistor 
ensures that current drawn by the VCC5 pin does not 
exceed the maximum rating for this pin. 


+5 V (±0.25 V) 
VCC5 Pin 
o 
W-..•• 
• 


100n 
(±5%,O.5W) 


Figure 7. VCC5 Current-Limiting 
Resistor 


This resistor Is not necessary In systems that can 
guarantee the V01FF specification. 


In 3.3 V·only systems and systems that drive 80960Hx pins from 3.3 V logic, connect the VCC5 pin directly to 
the 3.3 V Vcc plane. 


Table 19. V01FF Specification for Dual Power Supply Requirements 
(3.3 V, 5 V) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


V01FF 
VCC5-Vcc 
2.25 
V 
VCC5 input should not exceed Vcc by more than 2.25 V 
Difference 
during power-up and power-down, or during steady-state 
operation. 
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4.5 
DCSpecifications 


Table 20. 80960Hx 
DC Characteristics 
(Sheet 1 of 2) 


Per the conditions 
described 
in Section 4.3, Recommended 
Connections 
(pg. 27) .. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Notes 


V1l 
Input Low Voltage 
-0.3 
+0.8 
V 


V1H 
Input High Voltage 
2.0 
.VCC5+0.3 
V 


VOl 
Output 
Low Voltage 
0.4 
V 
IOl = 3 mA 


All outputs 
except FA![ 
0.2 
IOl = 100 IlA 


VOl 
Output 
Low Voltage 
0.4 
V 
IOl= 
5 mA 
FA![ pin 


VOH 
Output 
High Voltage 
2.4 
V 
IOH=-3 
mA 
Vee-0.2 
V 
IOH ='-100 
IlA 


III 
Input Leakage 
Current 
Non-Test Inputs 
-1 
1 
IJA 
0:5 V1N:5 Vee 
TOI, TMS, TFfST and 
ON'CE pins 
-110 
IJA 
V1N=0 
V 


IlO 
Output 
Leakage 
Current 
Non-Test Outputs 
1 
IJA 
0.45:5 VOUT:5 Vee 
TOO pin 
5 
IJA 
0.45:5 VOUT:5 Vee 


lee Active 
80960HA 
25 
790 
mA 
(4,5) 
(Power 
33 
1000 
Supply) 
40 
1180 


80960HO 
32 
950 


'50 
1390 
66 
1790 


80960HT 
60 
1350 
75 
1650 


lee Active 
80960HA 
25 
550 
mA 
(4,6) 
(Thermal) 
33 
680 
40 
790 


80960HO 
32 
630 
. 


50 
910 
66 
1150 


80960HT 
60 
1020 
75 
1240 
I 


J ADVANCE 
INFORMATION 
1-99 


80960HAlHDIHT 
intel· 


~Table 20. 
80960Hx 
DC Characteristics 
(Sheet 2 of 2) 


Per the conditions 
described 
in Section 4.3, Recommended 
Connections 
(pg. 27). 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Notes 


Ice Test 
80960HA 
25 
540 
mA 
(7,8) 
(Reset 
33 
710 
Mode) 
40 
850 


80960HO 
32 
640 
50 
990 
66 
1300 


80960HT 
60 
1150 
75 
1430 
• 


Ice Test 
i 
25 
mA 
(7) 
(ONCE 
mode) 
, 


ICC5 
(9) 
Current 
80960HA 
200 
IJA 
on the 
80960HO 
200 
VCC5 Pin 
80960HT 
200 


CIN 
Input Capacitance 
for: 


PQ2 
12 
pF 
PGA 
12 
pF 
Fe = 1 MHz 


COUT 
Output 
Capacitance 
of each 
12 
pF 
Fe = 1 MHz (3) 
output pin 


Cl/a 
I/O Pin Capacitance 
12 
pF 
Fe = 1 MHz 


Rpu 
Internal 
Pull-Up 
Resistance 
30 
65 
100 
kQ 
for ONCE, TMS, TOI and 
TRST 


NOTES: 
1. Ice Maximum is measured at worst case frequency, Vcc, and temperature, with device operating and outputs loaded to 
the test conditions described in Section 4.6.1, AC Test Conditions (pg. 34). 
. 


2. Ice Typical is not tested. 
3. Output Capacitance is the capacitive load of a floating output. 
4. Measured with device operating and outputs loaded to the test conditions in Figure 8, AC Test Load (pg. 32). Input sig- 
nals rise to Vcc and fall to Vss. 


5. Ice Active (Power Supply) value is provided for selecting your system's power supply. It is measured using one of the 
worst case instruction mixes with Vcc = 3.45 V. This parameter is characterized but not tested. 


6. Ice Active (Thermal) value is provided for your system's thermal management. Typical Ice is measured with Vcc = 3.3 V 
and temperature = 25·C. This parameter is characterized but not tested. 
7. Ice Test (Power modes) refers to the lee values that are tested when.the 80960HAlHDIHT is in Reset mode or ONCE 
mode with Vcc = 3.45 V. 


8. Worst case is Vce = 3.45 V, O·C. 
9. ICC5 is tested at Vcc = 3.0 V, VCC5 = 5.25 V. 
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4.6 
AC Specifications 


Table 21. 
80960Hx 
AC Characteristics 
(Sheet 1 of 2) 


Per the conditions 
in Section 4.2, Operating 
Conditions 
(pg. 27) and Section 4.6.1, AC Test Conditions 
(pg. 34). 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Input Clock (1,7) 


TF 
CLKIN 
Frequency 
80960HA 
16.0 
40.0 
MHz 
80960HD 
16.0 
33.33 
MHz 
80960HT 
16.0 
25.0 
MHz 


T 
CLKIN 
Period 
80960HA 
25.0 
62.5 
ns 
80960HD 
30.0 
62.5 
ns 
80960HT 
40.0 
62.5 
ns 


Tcs 
CLKIN 
Period Stability 
-250.0 
+250.0 
ps 
(11) 


TCH 
CLKIN 
High lime 
8.0 
ns 
(11) 


TCL 
CLKIN 
Low lime 
80960HA 
8.0 
ns 
(11) 
80960HD 
8.0 
ns 
80960HT 
8.0 
ns 


TCR 
CLKIN 
Rise lime 
0.0 
4.0 
ns 
(11) 


TCF 
CLKIN 
Fall lime 
0.0 
4.0 
ns 
(11) 


Synchronous 
Outputs 
(1,2,3,6) 


TOV1' TOHl 
Output 
Valid Delay and Output 
Hold for all outputs 
1.5 
9.5 
ns 
(13) 
except 
DTIR, B[AST, 
and BREQ for 3.3 V inputs and 
10·s. 


Same as above, 
but for 5.5 V inputs and 1/0's. 
1.5 
12.5 
ns 


TOV2• TOH2 
Output Valid Delay and Output 
Hold for DTIR 
T/2 + 1.5 
T12 + 9.5 
ns 


TOV3• TOH3 
Output 
Valid Delay and Output 
Hold for B[AST 
1.5 
9.0 
ns 


TOV4• TOH4 
Output 
Valid Delay and Output 
Hold for BREQ 
0.5 
9.0 
ns 


Tovs. 
TOHS 
Output 
Valid Delay and Output 
Hold for A3:2 
1.5 
8.5 


TOF 
Output 
Float for all outputs 
1.5 
9.0 
ns 
(11) 


Synchronous 
Inputs (1,7,8,9) 


T1S1 
Input Setup for all inputs except READY, ~. 
2.5 
ns 
HOLD. 
and SOF'F 


TIHl 
Input Hold for all Inputs except READY. ~, 
2.5 
ns 
HOLD. 
and SOF'F 


T1S2 
Input Setup for~ 
~. 
HOLD, and SOF'F 
6.0 
ns 


TIH2 
Input Hold for ~ 
~. 
HOLD, and SOF'F 
2.5 
ns 


Relative Output Timings 
(1,2,3,6,10) 


TAVSHl 
A31:2 Valid to ADS Rising 
T-5 
T+5 
ns 
(10) 


TAVSH2 
~, 
WIR. SUP. D/C Valid to ADS Rising 
T-5 
T+5 
ns 
(10) 


NOTES: 
See Table 22. AC Characteristics 
Notes (pg. 33) for all notes related to AC specifications. 
I ADVANCE 
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'NLQV 
.••.•.nl 
I 
I QIIIII~ 
~V VUlj.JUl 
L.lCllCl 
VOIlU 
·O.V 
::I.U 
ns 
\lUJ 


TOVNH 
Output 
Data Valid to WAIT Rising 
-5.0 + N*T 
5.0 + N*T 
ns 
(4), (10) 


TNLNH 
WAIT Falling to WAIT Rising 
-4.0 + N*T 
4.0 + N*T 
ns 
(4), (10) 


TNHQX 
Output 
Data Hold after WAIT Rising 
-5.0 + (N+l)*T 
5.0 + (N+l)*T 
ns 
(5), (10) 


TEHTV 
DTIR Hold after urn High 
Tl2-5 
Infinite 
ns 
(10) 


TTVEL 
DTIR Valid to urn Falling 
T/2-4 
ns 
(10) 


Relative Input Timings (1,7,10) 


T1S7 
XTflTi:U, Nm Input Setup 
6.0 
ns 
(9) 


TIH7 
XTflTi:U, Nm Input Hold 
2.5 
ns 
(9) 


T1s8 
RESET Input Setup 
3.0 
ns 
(8) 


T1H8 
RESET Input Hold 
T/4 + 1 
ns 
(8) 


NOTES: 
See Table 22, AC Characteristics 
Notes (pg. 33) for all notes related to AC specifications. 
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Table 22. 
AC Characteristics 
Notes 


, 


NOTES: 


1. 
See Section 
4.6.2. AC Timing Waveforms 
(pg. 34) for waveforms 
and definitions. 


2. 
See Figure 
25. Output 
Delay or Hold vs. Load Capacitance 
(pg. 42) for capacitive 
derating 
information 
for output delays 
and hold times. 


3. 
See Figure 
22, Rise and Fall Time Derating 
at 85°C and Minimum 
VCC (pg. 41) for capacitive 
derating 
information 
for 
rise and fall times. 


4. 
Where 
N is the number 
of NRAD, NRDD, NWAD or NWDD wait states that are programmed 
in the Bus Controller 
Region 
Table. WAiT never goes active when there are no wait states 
in an access. 


5. 
N = Number 
of wait states 
inserted 
with ~. 


6. 
These 
specifications 
are guaranteed 
by the processor. 


7. 
These 
specifications 
must be met by the system 
for proper operation 
of the processor. 


8. RESET 
is an asynchronous 
input that has no required 
setup and hold time for proper operation. 
However, 
to guarantee 
the device 
exits the reset mode synchronized 
to a particular 
clock edge, the rising edge of RESET must meet setup and 
hold times to the rising edge of the CLKIN. 


9. 
The interrupt 
pins are synchronized 
internally 
by the 80960Hx. 
They have no required 
setup or hold times for proper 
operation. 
These 
pins are sampled 
by the interrupt 
controller 
every clock and must be active for at least two consecutive 
CLKIN 
rising edges when asserting 
them asynchronously. 
To guarantee 
recognition 
at a particular 
clock edge, the setup 
and hold times shown 
must be met. 


10. Relative 
Output 
timings 
are not tested. 


11. Not tested. 


12. The processor 
minimizes 
changes 
to the bus signals when transitioning 
from a bus cycle to an idle bus for the following 
signals: 
A31 :4, SUP, CT3:0, 
D/C, COCK, WIR, BE3:0. 


13. Worst-case 
Tov condition 
occurs on 1/0 pins when pins transition 
from a floating 
high input to driving 
a low output 
state. 


The Data Bus pins encounter 
this condition 
during a read followed 
by a write. 5 V signals 
take 3 ns longer to discharge 
than 3.3 V signals 
at 50 pF loads. 


Table 23. 
80960Hx 
Boundary 
Scan Test Signal 
Timings 
(Sheet 1 of 2) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TBSF 
TCK Frequency 
0 
8 
MHz 
I 


TBSC 
TCK Period 
125 
Infinite 
ns 


TBSCH 
TCK High Time 
40 
ns 
Measured 
at 1.5 V (1) 


,TBSCL 
TCK Low Time 
40 
ns 
Measured 
at 1.5 V (1) 


TBSCR 
TCK Rise Time 
8 
ns 
0.8 V to 2.0 V (1) 


TBSCF 
TCK Fall Time 
8 
ns 
2.0 V to 0.8 V (1) 


TBSIS1 
Input Setup to TCK - 
8 
ns 
TOI, TMS 


TBSIH1 
Input Hold from TCK - 
10 
ns 
TOI. TMS 


TBSOV1 
TOO Valid Oelay 
3 
30 
ns 


NOTES: 


1. Not tested. 
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Table 23. 
80960Hx 
Boundary 
Scan Test Signal 
Timings 
(Sheet 2 of 2) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TBSOF1 
TDO Float Delay 
36 
ns 
(1) 


TBSOV2 
All Outputs 
(Non-Test) 
3 
30 
ns 
Relative to TCK 
Valid Delay 


TBSOF2 
All Outputs 
(Non-Test) 
36 
ns 
Relative to TCK (1) 
Float Delay 


TBSIS2 
Input Setup to TCK - All 
8 
ns 
Inputs (Non-Test) 


TBSIH2 
Input Hold from TCK - All 
10 
ns 
Inputs (Non-Test) 


NOTES: 


1. Not tested. 


4.6.1 
AC Test Conditions 


AC values 
are derived 
using the 50 pF load shown 
in Figure 
8. Figure 
25, Output 
Delay 
or Hold vs. Load 
Capacitance 
(pg. 42), shows how timings vary with load capacitance. 
Input waveforms 
(except for CLKIN) 
are 
assumed 
to have a rise and fall time of s 2 ns from 0.8 V to 2.0 V. 


4.6.2 
AC Timing 
Waveforms 


Output 
Pin 


o 
cll 
T 
Cl = 50 pF for all signals 


Figure 
8. AC Test Load 
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Figure 9. CLKIN Waveform 
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Figure 10. 
Output 
Delay Waveform 
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Figure 11. Output 
Delay Waveform 
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Figure 12. 
Output 
Float Waveform 
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Figure 13. 
Input Setup and Hold Waveform 
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by de-assertion 
of RESET. See Figure 29, Cold Reset Waveform 
(pg. 45). 


Figure 14. NMl, xmTi:lJ 
Input Setup and Hold Waveform 
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DELAY - The maximum 
output delay is referred to as the Output Valid Delay (TOV1). 
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output delay is referred to as the Output 
Hold (TOH1). 


T1S TIH - 
INPUT SETUP 
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specify the sampling 
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during which synchronous 
Inputs must be stable for correct processor 
operation. 


Figure 15. Hold Acknowledge Timings 
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Figure 16. 
Bus Backoff (BOFF) Timings 
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Figure 17. TCK Waveform 
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Figure 18. Input Setup and Hold Waveforms for TBSIS1 and TBSIH1 
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Figure 19. Output Delay and Output Float for TBSOV1 and TBSOF1 
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Figure 20. 
Output 
Delay and Output 
Float Waveform 
for T BSOV2 and T BSOF2 
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Figure 21. 
Input Setup and Hold Waveform 
for T BSIS2 and T BSIH2 
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Figure 22. Rise and Fall Time Derating at 85°C and Minimum Vcc 
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Figure 23. Icc Active (Power Supply) vs. Frequency 
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Figure 24. lee Active (Thermal) 
vs. Frequency 
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Figure 25. 
Output 
Delay or Hold vs. Load Capacitance 
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Figure 26. Output Delay vs, Temperature 
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Figure 27. Output Hold Times vs. Temperature 
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Figure 28. 
Output 
Delay vs. Vcc 
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Figure 32. 
Non-Surst, 
Non-Plpellned 
Requests 
without 
Wait States 
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Figure 33. Non-Burst, Non-Plpelined Read Request with Wait States 
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Figure 34. 
Non-Burst, 
Non-Plpellned 
Write Request 
with Wait States 
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Figure 35. Burst, Non-E'lpellned Read Request without Wait States, 32-Blt Bus 
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Figure 36. 
Burst, Non-Plpellned 
Read Request 
with Wait States, 32-Blt Bus 
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Figure 37. 
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Figure 39. Burst, Non-Plpellned Read Request with Wait States, 16-Blt Bus 
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Figure 40. 
Burst, Non-Plpellned 
Read Request 
with Wait States, 
8-Blt Bus 
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PMCON 
External 
Pipe- 
Bus 
Odd 
Parity 
NRAD 
Function 
Ready 
Burst 
Lining 
Width 
Parity 
Enable 
NXOA 
NWOD 
NWAD 
NRDD 
Control 


Bit 
29 
28 
24 
23-22 
21 
20 
19-16 
15-14 
12-8 
7-6 
4-0 


X 
Disabled 
ON 
32-Bit 
X 
Enabled 
X 
X 
X 
X 
0 
Value 
x 
0 
1 
10 
x 
1 
xxxx 
xx 
xxxxx 
xx 
00000 


NOTE: 
Bits 31-30, 
27-25,13, 
and 5 are reserved. 


G) 
A 
A' 
A" 
Alii 
AliI! 
D••••® 
D 
D' 
D" 
D'" 


I 


1. 
Non-pipelined 
request concludes, 
pipelined 
reads begin. 


2. 
Pipelined 
reads conclude, 
non-pipe lined requests 
begin. 


CLKIN 
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AUS[ 
[ 


wm [ 


A3:2 
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BE3:n 


D31:0, 
[ 
DP3:0 
wm[ 
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DTm 
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PCRR[ 
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CT3:0, 
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I:OCK 


Figure 41. 
Non-Burst, 
Plpellned 
Read Request 
without 
Wait States, 
32-Blt Bus 
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PMCON 


Function 


Value 


CLKIN 


A31:4, sup, 


CT3:0, 
D/C, 
I1JCK 


D31:0,. 
DP3:0 


NOTE: 


WIR 


A3:2 
BE3:O 


DTIR 


intel· 


[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 


1. 
Non-pipelined 
request 
concludes, 
pipelined 
reads 
begin 


2. 
Pipelined 
reads 
conclude, 
non-pipe 
lined requests 
begin 
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Figure 42. 
Non-Burst, 
Pipelined 
Read Request 
with Wait States, 
32-Bit.Bus 
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PMCON 
External 
Pipe- 
Bus 
Odd 
Parity 
Function 
Ready 
Burst 
Lining 
Width 
Parity 
Enable 
NXDA 
NWDD 
NWAD 
NRDD 
Control 
Bit 
29 
28 
24 
23-22 
21 
20 
19-16 
15-14 
12-8 
7-6 


Value 
X 
Enabled 
ON 
32-Btt 
X 
Enabled 
X 
X 
X 
0 
x 
1 
1 
x 
1 
xxxx 
xx 
xxxxx 
()() 


NOTE: 
Bits 31-30, 27-25,13, and 5 are reserved. 


G)A 
0 
o 
I 
o 
I 
A' 
0' 
O'® 
0 


CLKIN [ 


AUS[ 


A31:4, SUP;[ 
CT3:0,OIC, 
Valid 
BE3:O, [OCR 


WIR[ 


A3:2 [ 
11 
Valid 


031:0, [ 
OP3:0 
wm[ 


erAST[ 


OTIR [ 
~[ 


I 
I 
I 


1. 
Non-pipelined 
request 
concludes, 
pipelined 
reads 
begin 


2. 
Pipelined 
reads 
conclude, 
non-pipelined 
requestS" begin 


PrnK[ 


Figure 43. Burst, Plpellned Read Request without Wait States, 32-Blt Bus 
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I 
I 
I 
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L 


AOS[ 


A31:4, 
SUP; [ 
CT3:0,O/C, 
Valid 
BE3:U,rncK 


WIR [ 


A3:2 [ 


031:0, [ 
OP3:0 


WAIT [ 


BCAST[ 


OTIR[. 


UEN[ 


PCRK[ 
I 


I 
I 
I 
I 
I 
I 
I 


1. 
Non-pipelined 
request 
concludes, 
pipe lined reads begin. 


2. 
Pipelined 
reads conclude, 
non-pipelined 
requests 
begin. 


Figure 44. 
Burst, Plpellned 
Read Request 
with Wait States, 
32·Blt Bus 


1-130 
I 


ADVANCE INFORMATION 
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CT3:0, 
D/C, 
roCK 


W!R [ 


A3:2 
[ 


BET/A 1, [ 
BEl/AO 


D31:0, 
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DP3:0 
mIT[ 


BrAST[ 


DT!R[ 
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PCRR[ 


1: 
Non-pipelined 
request 
concludes, 
pipelined 
reads 
begin 


2. 
Pipelined 
reads 
conclude, 
non-pipe 
lined requests 
begin 


Figure 45. Burst, Pipelined Read Reque~t with Wait States, a-Bit Bus 
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PMCON 
External 
Pipe- 
Bus 
Odd 
Parity 
Function 
Ready 
Burst 
Lining 
Width 
Parity 
Enable 
NXOA 
Control 


Bit 
29 
28 
24 
23-22 
21 
20 
19-16 


X 
Enable<! 
ON 
16-Bij 
X 
Enabled 
X 
Value 
x 
1 
1 
x 
1 
xxxx 


NOTE: 
Bits 31-30,27-25,13, 
and 5 are reserved. 
<D A 


ClKIN[ 
7mS[ 


A31:4, SUP; 
CT3:0,D/C, [ 
BElIE!l:C, 
BE3!BAE,~[ 


A3:2 
[ 


BET/A1 
[ 


D31:0, [ 
DP3:0 
wm[ 


8[AST[ 


DTIR[ 
orn[ 


PCRK[ 
I· 
I 


1. 
Non-pipelined 
request 
concludes, 
pipelined 
reads 
begin 


2. 
Pipelined 
reads 
conclude. 
non-pipe lined requests 
begin 
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Figure 46_ Burst, Plpelined .ReadRequest with Wait States, 16"Blt Bus 
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READY [ 
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D31:0, 
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DP3:0 


PCRK[ 
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Note: Pipelining 
must be disabled 
to use "REJ!:OY. 


Figure 47. 
Using External REJrnV 
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WAIT [ 
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A3:2 [ 


§--:--~-§- 


. 
I 
! 
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I-,- - 
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I.. 
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Note: READY 
adds memory 
access 
time to data transfers, 
whether 
or not the 
bus access 
is a burst access. 81"EmJ interrupts 
a bus access, 
whether 
or not 
the bus access 
has more data transfers 
pending. 
Either the READY 
signal or 
the 81"EmJ signal will terminate 
a bus access 
if the signal 
is asserted 
during 
the last (or only) data transfer 
of the bus access. 


Figure 48. 
Terminating 
a Burst with eTERM 
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Figure 49, BOFF Functional Timing. BOFF occurs during a blJrst or non-burst data cycle. 
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Figure 50. 
HOLD Fu,:\ctional Timing 
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Figure 51. Lock Delays HOLDA Timing 
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Figure 52. FJJ[ Fllnctlonal Timing 
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NOTES: 


1. 
All requests 
that are less than a word in size and are cacheable 
will be promoted 
to a word to be cached. 
This causes 
adjacent 
requests 
to occur for full words to the same address. 
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One Double-Word Burst (Aligned) 
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Figure 53. 
A Summary 
of Aligned 
and Unallgned 
Transfers 
for 32-Blt Regions 
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NOTES; 


1. 
All requests 
that are less than a word in size and are cacheable 
will be promoted 
to a word to be cached. 
This causes 


adjacent 
requests 
to occur for full words to the same address. 
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54. A Summary 
of Aligned 
and Unallgned 
Transfers 
for 32-Blt Regions 
(Continued) 
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Figure 55. A Summary 
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and Unallgned 
Transfers 
for 16·Blt Bus 
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Figure 56, A Summary 
of Aligned 
and Unaligned 
Transfers 
for 8-Blt Bus 
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Figure 57. Idle Bus Operation 
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IBO'FF andIHOLD and 
ao;sr andNXda = 0 
andIREQUEST 


KEY: 
To = ONCE 
Ti 
= IDLE 
Th 
= HOLD 
Ta = ADDRESS 
Td 
= DATA 
Th 
= BOFF'ed 
Taw= address 
to data wait 
Tdw= data to data wait 
Tdw= data to address 
wait 


REQUEST 
= One or more 
requests 
in the bus queue. 


READ= 
The current 
access 
is a read. 
WRITE= 
The current 
access 
is a write. 


NOTE: 


1. 
When 
the PMCON 
for the region has External 
Ready Control 
enabled, 
wait states 
are inserted 
as 


• long as READY 
and ~ 
are de-asserted. 
When 
Read Pipelining 
is enabled, 
the Ta state of the 
subsequent 
read access 
is concurrent 
with the last data cycle 
of the access. 
Because 
External 
Ready Control is disabled 
for Read Pipelining, 
the address 
cycle occurs during SU\Si. 


2. 
WaCNT is decremented 
during Taw 
3. 
WdCNT is decremented 
during Tdw 
4. 
WxCNT is decremented 
during Trw 


Figure 58. Bus States 
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5.1 
80960HxBoundary Scan Chain 


Table 24. 
80960Hx 
Boundary 
Scan Chain 
(Sheet 1 of 5) 


# 
BOUNDARY 
SCAN CELL 
CELL TYPE 
COMMENT 


1 
OP3 
Bidirectional 


2 
OP2 
Bidirectional 
-, 


3 
OPO 
,. 
Bidirectional 


4 
OP1 
Bidirectional 


5 
STEST 
i 
Input 
. 


6 
FAILBAR 
Output 


7 
Enable for FAILBAR, 
BSTALL and 
Control 
BREQ 
-~ 


8 
ONCEBAR 
Input 
. 


9 
BOFFBAR 
\ 
Input 


" 
• 


10 
00 
I· 
Bidirectional 
0 


11 
01 
Bidirectional 
'- 
-. 


12 
02 
Bidirectional 


13 
03 


\ 
Bidirectional 


• 


14 
04 
Bidirectional 
r- 


15 
05 
Bidirectional 
, 
..• 


16 
06 
Bidirectional 
1 


17 
07 
Bidirectional 


18 
Enable for OP(3:0)and 0(31:0) 
Control 


19 
08 
Bidirectional 
- 


20 
09 
Bidirectional 


21 
010 
Bidirectional 


22 
011 
Bidirectional 


23 
012 
Bidirectional 


24 
013 
Bidirectional 


25 
014 
Bidirectional 


26 
015 
Bidirectional 
.-, 


NOTES: 


1. 
Cell#l 
connects 
to TOO and cell #112 connects 
to TOI. 


2. 
All outputs 
are three-state. 


3. 
In output 
and bidirectional 
signals, 
a logical "1" on the enable signal enables 
the output. 
A logical "0" three-states 
the out- 


put. 
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Table 24. 
80960Hx 
Boundary 
Scan Chain 
(Sheet 2 of 5) 


# 
BOUNDARY 
SCAN 
CELL 
CELL TYPE 
COMMENT 
- 


27 
016 
Bidirectional 


28 
017 
I, 
Bidirectional 
I 
- 


29 
018 
Bidirectional 


30 
019 
Bidirectional 
. 


31 
020 
Bidirectional 


32 
021 


,- 


Bidirectional 


33 
022 
Bidirectional 
, 


34 
023 
,,' 
Bidirectional 


35 
024 
Bidirectional 


36 
025 
Bidirectional 


37 
026 
I 
Bidirectional 


38 
027 
I 
" 
Bidirectional 


39 
028 
I 
Bidirectional 


40 
029 
Bidirectional 


41 
030 
• 
Bidirectional 


42 
031 
Bidirectional 
. 


43 
BTERMBAR 
Input 


44 
ROYBAR 
Input 
Appears 
as REAOYBAR 
In BSOL 
file, 


45 
HOLO 
Input 


46 
HOLOA 
Output 


47 
Enable for HOLOA control 
Control 


48 
AOSBAR 
Output 


49 
BE3BAR 
Output 
Appears 
as BEBAR(3:0) 
In BSOL 
file. 


50 
BE2BAR 
- 
Output 


51 
BE1BAR 
Output 


52 
BEOBAR 
Output 


53 
BLASTBAR 
Output 


NQTES: 


1. 
Cell#1 
connects 
to TDO and cell #112 connects 
to TDt. 


2. 
All outputs 
are three-state. 


3. 
In output 
and bidirectional 
signals, 
a logical "1" on the enable signal enables 
the output. 
A logical "0" three-states 
the out- 
put. 
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57 
Enable for DTRBAR 
Control 


58 
WAITBAR 
Output 


59 
BSTALL 
Output 


60 
DATACODBAR 
Output 
Appears 
as DCBAR 
in BSDL file. 


61 
USI;RSUPBAR 
Output 
Appears 
as SUPBAR 
in BSDL file. 


62 
Enable for ADSBAR, 
BEBAR, 
Control 
BLASTBAR, 
DENBAR, 
WRRDBAR, 
WAITBAR, 
DCBAR, SUPBAR 
and 
LOCKBAR, 


63 
LOCKBAR 
Output 


64 
BREQ 
Output 


65 
A31 
Output 


66 
A30 
Output 


67 
A29 
Output 


68 
A28 
Output 


69 
A27 
Output 


70 
A26 
Output 


71 
A25 
Output 


72 
A24 
Output 


73 
A23 
Output 
. 


74 
A22 
Output 


75 
A21 
Output 


76 
A20 
Output 


77 
A19 
Output 
I 


78 
A18 
Output 


79 
A17 
Output 


80 
A16 
Output 


NOTES: 


1. 
Cell#1 
connects 
to TOO and cell #112 connects 
to TO!. 


2. 
All outputs 
are three-state. 


3. 
In output 
and bidirectional 
signals, 
a logical "1" on the enable signal enables 
the output. 
A logical "0" three-states 
the out- 
put. 
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# 
BOUNDARY 
SCAN CELL 
CELL TYPE 
COMMENT 


81 
Enable for A(31 :0) and CT(3:0) 
Control 


82 
A15 
Output 


83 
A14 
Output 


84 
A13 
Output 


85 
A12 
Output 


86 
A11 
Output 


87 
A10 
Output 


88 
A9 
Output 


89 
A8 
Output 


90 
A7 
Output 


91 
A6 
. 
Output 


92 
AS 
Output 


93 
A4 
Output 


94 
AS 
'Output 
-.. 


95 
A2 
Output 


96 
NMIBAR 
Input 


97 
XINT7BAR 
Input 
Appears 
as XINTBAR(7:0) 
In BSDL 
file. 


98 
XINT6BAR 
Input 


99 
XINT5BAR 
Input 


100 
XINT4BAR 
Input 


101 
XINT3BAR 
L 
Input 


102 
XINT2BAR 
Input 


103 
XINT1BAR 
Input 


104 
XINTOBAR 
Input 


105 
RESETBAR 
I 
Input 


106 
CLKIN 
Input 


107 
CT3 
Output 
Appears 
as CT(3:0) 
In BSDL file. 


NOTES: 


1. 
Cell#l 
connects 
to TOO and cell #112 connects 
to TOI. 


2. 
All outputs 
are three-state. 


3. 
In output 
and bidirectional 
signals, 
a logical "1' on the enable 
signal enables 
the output. 
A logical "0' three-states 
the out- 
put. 
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# 
BOUNDARY 
SCAN CELL 
CELL TYPE 
COMMENT 


108 
CT2 
Output 


109 
CT1 
Output 


110 
CTO 
Output 


111 
PCHK 
Output 
Appears 
as PCHKBAR 
In BSDL file. 


112 
PCHK enable 
Control 


NOTES: 


1. 
Cell#1 
connects 
to TOO and cell #112 connects 
to TOI. 


2. 
All outputs 
are three-state. 


3. 
In output 
and bidirectional 
signals. 
a logical "1" on the enable signal enables 
the output. 
A logical "0' three-states 
the out- 


put. 


5.2 
Boundary Scan Description LanguageExample 


Boundary-Scan 
Description 
Language 
(BSDL) example 
14-2 meets the de facto standard 
means of describing 


essential 
features 
of ANSI/IEEE 
1149.1-1993 
compliant 
devices. 


Example 
5-1. 
Boundary-Scan 
Description 
Language 
(BSDL) 
for PGA Package 
Example 
(Sheet 
1 of 9) 


i960(R) 
Processor 
BSDL 
Model 


--Copyright 
Intel 
Corp. 
1995 


--***************************************************************************** 


--Intel 
Corporation 
makes 
no warranty 
for 
the 
use 
of 
its products 
and 
assumes 
no 


responsibility 
for any 
errors 
which 
may 
appear 
in this 
document 
nor 
does 
it make 


a 
commitment 
to update 
the 
informatipn 
contained 
herein. 


--***************************************************************************** 


--Boundary-Scan 
Description 
Language 
(BSDL Version 
0.0) 
is 
a.de-facto 
standard 


means 
of 
describing 
essential 
features 
of ANSI/IEEE 
1149.1-1990 
compliant 


devices. 
This 
language 
is under 
consideration 
by 
the 
IEEE 
for 
formal 
inclusion 


within 
a 
supplement 
to 
the 
1149.1-1990 
standard. 
The 
generation 
of 
the 
supplement 
entails 
an 
extensive 
IEEE 
review 
and 
a 
formal 
acceptance 
balloting 
procedure 
which 
may 
change 
the 
resultant 
form 
of 
the 
language. 
Be 
aware 
that 
this 
process 
may 
extend 
well 
into 
1993, 
and 
at 
this 
time 
the 
IEEE 
does 
not 
endorse 
or 
hold 
an 
opinion 
on 
the 
language. 


******************************************************************************* 
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port 
(A 
out 
bit_vector 
(2 to 31) ; 
ADS BAR 
out 
bit; 


BEBAR 
out 
bit_vector 
(0 to 3); 
BLASTBAR 
out 
bit; 


BOFFBAR 
in 
bit; 


BREQ 
out 
bit; 


BSTALL 
out 
bit; 


BTERMBAR 
in 
bit; 


CT 
out 
bit_vector 
(0 to 3) ; 


CLKIN 
in 
bit; 


D 
inout 
bit_vector 
(0 to 31) ; 
DENBAR 
out 
bit; 
DJ? 
inout 
bit_vector 
(0 to 3); 
DTRBAR 
out 
bit; 


• 


DCBAR 
out 
bit; 
FAILBAR 
out 
bit; 
. 


HOLD 
in 
bit; 


HOLDA 
out 
bit; 


LOCKBAR 
out 
bit; 


NMIBAR 
in 
bit; 


I 
ONCEBAR 
in 
bit; 
J?CHKBAR 
out 
bit; 
READYBAR 
in 
bit; 


• 
RESETBAR 
in 
.bit; 
STEST 
in 
bit; 


:1 
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J?roject code 
HA 


File 
**NOT** 
verified 
electrically 


Rev 
0.7 
18 Dec 
1995 
Updated 
for A-l 
stepping. 


Rev 
0.6 
08 Dec 
1994 


Rev 
0.5 
21 Nov 
1994 


Rev 
0.4 
31 Oct 
1994 


Rev 
0.3 
26 July 
1994 


Rev 
0.2 
22 June 
1994 


Rev 
0.1 
16 Mar 
1994 


Rev 
0.0 
30 Aug 
1993 


entity 
Ha_J?rocessor 
is 


generic (J?HYSICAL_J?IN_MAJ?: string:= 
"J?GA"); 


TRST 
in 
bit; 


WAITBAR 
out 
bit; 


WRBAR 
out 
bit; 


XINTBAR 
in 
bit_vector 
(0 to 
7) ; 


FIVEVREF 
linkage 
bit; 


VCCPLL 
linkage 
bit; 


VOLTDET 
out 
bit; 


VCCl 
linkage 
bit_vector 
(0 to 
23) ; 


VCC2 
linkage 
bit_vector 
(0 to 20) ; 


VSSl 
linkage 
bit_vector 
(0 to 
25) ; 


VSS2 
linkage 
bit_vector 
(0 to 22) ; 


NC 
linkage 
bit_vector 
(0 to 
4) 


) ; 


use 
STD_1l49 _1_1990.all; 


use 
i960ha_a.all; 


attribute 
PIN_MAP 
of 
Ha_Processor 
: entity 
is 
PHYSICAL_PIN_MAP; 


constant 
PGA:PIN_MAP_STRING 
:= 


ftA 
(D16, 
D17, 
E16, 
E17, 
F17, 
G16, 
G17, 
H17, 
J17, 
K17,"& 


L17, 
L16, 
M17, 
N17, 
N16, 
P17, 
Q17, 
P16, 
P15, 
Q16,"& 


R17, 
R16, 
Q15, 
S17, 
R15, 
S16, 
Q14, 
R14, 
Q13, 
S15),"& 


"ADSBAR 
R06, "& 


"BEBAR 
(R09, 
S07, 


"BLASTBAR 
S08,"& 


"BOFFBAR 
B01,"& 


"BREQ 
Rl3, "& 


"BSTALL 
R12,"& 


"BTERMBAR 
R04, "& 


"CT 
(All, 
A12, 


"CLKIN 
Cl3, "& 
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"D 


"DENBAR 


"DP 


"DTRBAR 


"DCBAR 


"FAILBAR, 


"HOLD 


"HOLDA 


"LOCKBAR 


."NMIBAR 


"ONCEBAR 


"PCHKBAR 


"READYBAR 


"RE5ETBAR 


"5TE5T 


"5UPBAR 


"TCK 


"TDI 


"TDO 


"TM5 


"TR5T 


"WAITBAR 


"WRBAR 


"XINTBAR 


"FlVEVREF 


"VOLTDET 


"VCCPLL 


"VCC1 


·V551 


"Ne 


(E03, C02, 
D02, 
COl, 
E02, 
DOl, 
F02, 
E01, 
F01, 
G01,"& 


H02, 
H01, 
J01, 
K01, 
L02, 
L01, 
MOl, N01, 
N02, 
P01,"& 


P02, Q01, 
P03, Q02, 
R01, 
501, Q03, 
R02, 
Q04, 
502,"& 


QOS, 
R03),"& 


509,"& 


(A03, B03, A04, 
B04),"& 


511, "& 


513, "& 


A02,"& 


ROS, "& 


504,"& 


514, "& 


D1S, "& 


C03, "& 


B08,"& 


503,"& 


A16, "& 


B02,"& 


Q12, "& 


BOS,"& 


A07, "& 


A08,"& 


B06, "& 


A06, "& 


512, "& 


510,"& 


(B1S, A1S, 
A17, 
B16, 
C1S, 
B17, 
C16, 
C17),"& 
cos, "&. 


AOS,"& 


B10,"& 


(M02, K02, 
J02, 
G02, N03, 
F03, 
C06, 
B07, 
B09, 
B11,"& 


B12, 
C14, 
E1S, 
F16, 
H16, 
J16, 
K16, M16, 
N1S, 
Q06,"& 


R07, 
R08, R10, 
R11),"& 


(G03, H03, 
J03, K03, 
L03, M03, 
C07, 
C08, 
C09, 
C10,"& 


C11, 
C12, 
Q07, 
Q08, 
Q09, 
Q10, 
Q11, 
F1S, 
G1S, 
H1S,"& 


J1S, 
K1S, 
L1S, M1S, 
A01, 
C04) ,"& 


(A09, A10, 
B13, 
B14, 
D03)"; 


I 
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attribute 
Tap_Scan_ 
In 
of 
TOI 
signal 
is 
true; 


attribute 
Tap_Scan_Mode 
of 
TMS 
signal 
is 
true; 


attribute 
Tap_Scan_Out 
of 
TOO 
signal 
is 
true; 


attribute 
Tap_Scan_Reset 
of 
TRST 
signal 
is 
true; 


attribute 
Tap_Scan_ 
Clock 
of 
TCK 
signal 
is 
(6600e6, 
BOTH) ; 


attribute 
Instruction_Length 
of 
Ha-Processor: 
entity 
is 
4; 


attribute 
Instruction_Opcode 
of 
Ha-Processor: 
entity 
is 


"BYPASS 
(1111),· 
& 


"EXTEST 
(0000),· 
& 


"SAMPLE 
(0001), " 
& 


"IOCOOE 
(0010), " 
& 


"RUBIST 
(0111),· 
& 


"CLAMP 
(0100) .: 
& 


"HIGHZ 
(1000), • 
& 


"Reserved 
(1011, 
1100)" ; 


attribute 
Instruction_Capture 
of 
Ha_Processor: 
entity 
is 
"0001"; 


attribute 
Instruction_Private 
of 
Ha_Processor: 
entity 
is 
"Reserved" 


attribute 
Idcode_Register 
of 
Ha_Processor: 
entity 
is 


"0001" 
& 
--version, 


"1000100001000000" 
& 
--part 
number 


"00000001001" 
& 0 --manufacturers 
identity 


"1"; 
--required 
by 
the 
standard 


attribute 
Register_Access 
of 
Ha_Processor: 
entity 
is 


"Runbist[32) 
(RUBIST) .: 
& 


(CLAMP, 
HIGHZ) 0"; 
"Bypass 


--{***************************************************************************} 
. --{ 


-~{ 


The 
first 
cell, 
cellO, 
is 
closest 
to TOO 


BC_1:Control, 
Output3 
CBSC_1:Bidir 
BC_4: 
Input, 
Clock 


--{*****************************t*********************************************} 
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attribute 
Boundary_Cells 
of 
Ha_Processor: 
entity 
is 
"BC_4, 
BC_1. 
CBSC_1" 
; 


attribute 
Boundary_Length 
of 
Ha_Processor: 
entity 
is 
112; 


attribute 
Boundary_Register 
of 
Ha_Processor: 
entity 
is 


"0 
(CBSC_1. 
DP(3) • 
bidir. 
x. 
17. 
1. 
Z) .: 
& 


"1 
(CBSC_1. 
DP(2) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"2 
(CBSC_1. 
OP(O) • 
bidir. 
x. 
17. 
1. 
Z) .: 
& 


"3 
(CBSC_1. 
OP(l) • 
bidir. 
x. 
17. 
1. 
Z) • " 
& 


"4 
(BC_4. 
STEST. 
input. 
X)," 
& 


"5 
(BC_1. 
FAILBAR. 
output3. 
X. 
6. 
1. 
Z) • " 
& 


"6 
(BC_1. 
* 
control. 
1) •" 
& 


"7 
(BC...:.4. ONCEBAR. 
input. 
X) •• 
& 


"8 
(BC_4. 
BOFFBAR. 
input. 
X) .: 
& 


"9 
(CBSC_1. 
0(0) • 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


"10 
(CBSC_l. 
0(1) . 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


"11 
(CBSC_1. 
0(2) • 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


"12 
(CBSC_1. 
0(3) . 
bidir •. 
X. 
17. 
1. 
Z) • " 
& 


"13 
(CBSC_1. 
0(4) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"14 
(CBSC_1. 
0(5) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"15 
(CBSC_1. 
0(6) . 
bidir. 
X. 
17. 
1. 
Z) •• 
& 


"16 
(CBSC_1. 
0(7) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"17 
(BC_1. 
* 
control. 
1) •" 
& 


"18 
(CBSC_1. 
0(8) • 
bidir. 
X, 
17. 
1. 
Z), 
" 
& 


"19 
(CBSC_1. 
0(9) . 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"20 
(CBSC_1. 
D(10) . 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"21 
(CBSC_1. 
0(11) • 
bidir. 
X. 
17, 
1. 
Z) • " 
& 


"22 
(CBSC_1. 
D(12) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"23 
(CBSC_1. 
0(13) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"24 
(CBSC_1. 
0(14) . 
bidir. 
X. 
17. 
1. 
Z) •• 
& 


"25 
(CBSC_1. 
0(15) . 
bidir. 
X. 
17. 
1. 
Z), 
" 
& 


"26 
(CBSC_1. 
D(16) • 
bidir. 
X. 
17. 
1. 
Z) •• 
& 


"27 
(CBSC_1. 
0(17) • 
bidir. 
X. 
17. 
1. 
Z) •• 
& 


"28 
(CBSC_1. 
D(18) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"29 
(CBSC_1. 
D(19) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"30 
(CBSC_1. 
0(20) • 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


"31 
(CBSC_1. 
D(21) • 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


"32 
(CBSC_1. 
D (22). 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


"33 
(CBSC_1. 
0(23) . 
bidir. 
X. 
17. 
1. 
Z) • " 
& 


J 
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"40 
(CBSC_1. 
D(30) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"41 
(CBSC_1. 
D(31) • 
bidir. 
X. 
17. 
1. 
Z) .: 
& 


"42 
(BC_4. 
BTERMBAR. 
input. 
X) I" 
& 


"43 
(BC_4. 
READYBAR. 
input. 
X) I" 
& 


"44 
(BC_4. 
HOLD. 
input. 
X) .: 
& 


"45 
(BC_1. 
HOLDA. 
output3. 
X. 
46. 
1. 
Z) .: 
& 


"46 
(BC_1. 
* 
control. 
1) .: 
& 


"47 
(BC_1. 
ADSBAR. 
output3. 
X. 
61. 
1. 
Z)," 
& 


"48 
(BC_1. 
BEBAR(3) 
t 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"49 
(BC_1. 
BEBAR(2) 
• 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"50 
(BC_1. 
BEBAR(l) 
• 
output3. 
X. 
61. 
1. 
Z) •• 
& 


"51 
(BC_1. 
BEBAR(O) 
• 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"52 
(BC_1. 
BLASTBAR. 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"53 
(BC_1. 
DENBAR. 
output3. 
X. 
61. 
1. 
Z) ••• 
& 


"54 
(BC_1. 
WRBAR. 
out.put L, 
X. 
61. 
1. 
Z) .: 
& 


"55 
(BC_1. 
DTRBAR. 
output3. 
X. 
56. 
1. 
·Z) .: 
& 


"56 
(BC_1. 
* 
control. 
1) .: 
& 


"57 
(BC_1. 
WAITBAR. 
output3. 
X. 
61. 
1. 
Z), 
" 
& 


"58 
(BC_1. 
BSTALL. 
output3. 
X. 
6. 
1. 
Z) 
I 
11 
& 


"59 
(BC_1. 
DCBAR. 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"60 
(BC_1. 
SUPBAR. 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"61 
(BC_1. 
control. 
1) .: 
& 


"62 
(BC_1. 
LOCKBAR. 
output3. 
X. 
61. 
1. 
Z) .: 
& 


"63 
(BC_1. 
BREQ. 
output3. 
x. 
6. 
1. 
Z) .: 
& 


"64 
(BC_1. 
A(31) 
t 
output3. 
X. 
80. 
1. 
Z) ••• 
& 


"65 
(BC_1. 
A(30) • 
output3. 
X. 
80. 
1. 
Z) ••• 
& 


"66 
(BC_1. 
A(29) • 
output3. 
X. 
80. 
1. 
Z) .: 
& 


"67 
(BC_1. 
A(28) • 
output3. 
X. 
80. 
1. 
Z) .: 
& 


"68 
(BC_1. 
A(27) • 
output3. 
X. 
80. 
1. 
Z) •• 
& 


"69 
(BC_1. 
A(26) 
t 
output3. 
X. 
80. 
1. 
Z) .: 
& 


"70 
(BC_1. 
A(25) • 
output3, 
X, . 80, 
1, 
Z) , • 
& 


"71 
(BC_1, 
A(24) , 
output3, 
X, 
80, 
1, 
Z) , • 
& 
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"72 
(BC_1, 
A(23) , 
output3, 
x, 
so, 
1, 
Z) 
r 
• 
& 


"73 
(BC_1, 
A(22) , 
output3, 
x, 
SO, 
1, 
Z) 
t 
• 
& 


"74 
(BC_1, 
A(21) , 
output3, 
x, 
S0, 
1, 
Z) 
t 
• 
& 


"75 
(BC_1, 
A(20) 
t 
output3, 
x, 
S0, 
1, 
Z) , • 
& 


"76 
(BC_1, 
A(19) 
t 
output3, 
x, 
S0, 
1, 
Z) " 
& 


"77 
(BC_1, 
A(lS) 
t 
output3, 
x, 
S0, 
1, 
Z) .: 
& 


"713 (BC_1, 
A(17) , 
output3, 
x, 
S0, 
1, 
Z) , • 
& 


"79 
(BC_1, 
A(16) , 
output3, 
x, 
S0, 
1, 
Z) , • 
& 


"SO 
(BC_1, 
* , 
control, 
1) t 
" 
& 


"131 (BC_1, 
A(15) , 
output3, 
X, 
S0, 
1, 
Z) , " 
& 


"132 (BC_1, 
A(14) 
r 
output3, 
X, 
S0, 
1, 
Z) .: 
& 


"133 (BC_1, 
A(13) , 
output3, 
X, 
S0, 
1, 
Z) , " 
& 


"134 (BC_1, 
A(12) , 
output3, 
X, 
S0, 
1, 
Z) 
t 
• 
& 


"135 (BC_1, 
A(ll) , 
output3, 
X, 
S0, 
1, 
Z) 
t 
• 
& 


"136 (BC_l, 
A(10) , 
output3, 
X, 
S0, 
1, 
Z) , • 
& 


"137 (BC_1, 
A(9) , 
output3, 
X, 
S0, 
1, 
Z) 
t 
• 
& 


"813 (BC_1, 
A(S) , 
output3, 
X, 
S0, 
1, 
Z) 
t 
" 
& 


"139 (BC_1, 
A(7) 
r 
output3, 
X, 
S0, 
1, 
Z), 
" 
& 


"90 
(BC_1, 
A(6) 
r 
output3, 
X, 
S0, 
1, 
Z), 
" 
& 


"91 
(BC_1, 
A(5) 
r 
output3, 
~, 
S0, 
1, 
Z) I" 
& 


"92 
(BC_1, 
A(4) , 
output3, 
x, 
S0, 
1, 
Z) , " 
& 


"93 
(BC_1, 
A(3) 
t 
output3, 
X, 
S0, 
1, 
Z) 
t 
" 
& 


"94 
(BC_1, 
A(2) 
r 
output3, 
X, 
S0, 
1, 
Z) 
t 
" 
& 


"95 
(BC_4, 
NMIBAR, 
input, 
X) " 
& 


"96 
(BC_4, 
XINTBAR 
(7) r 
input, 
X) " 
& 


"97 
(BC_4, 
XINTBAR 
(6) , 
input, 
X) " 
& 


"913 (BC_4, 
XINTBAR 
(5) r 
input, 
X), • 
& 


"99 
(BC_4, 
XINTBAR 
(4) , 
input, 
X), " 
& 


"100(BC_4, 
XINTBAR 
(3) r 
input, 
X), " 
& 


"101 (BC_4, 
XINTBAR(2) 
r 
input, 
X), " 
& 


"102 (BC_4, 
XINTBAR 
(1) , 
input, 
X), " 
& 


"103 (BC_4, 
XINTBAR 
(0) r 
input, 
X), " 
& 


"104 (BC_4, 
RESETBAR, 
input, 
X), " 
& 


"105 (BC_4, 
CLKIN, 
input, 
X), " 
& 


"106(BC_1, 
CT(3) , 
output3, 
X, 
S0, 
1, 
Z) 
r 
• 
& 


J ADVANCE 
INFORMATION 
1-155 


80960HAlHD/HT 
intel· 


Example 
5-1. 
Boundary-Scan 
Description 
language 
(BSDl) 
for PGA Package 
Example 
(Sheet 9 of 9) 


"107·(BC_1, 
.CT(2), 
output3, 
X, 
80, 
1, 
Z} I" 
& 


"108(BC_1, 
CT(l) , 
output3, 
X, 
80, 
1, 
Z), 
" 
& 


"109 (BC_1, 
CT(O) 
t 
output3, 
X, 
80, 
1, 
Z) , " 
& 


"110 (BC_1, 
PCHKBAR, 
output3, 
X, 
111, 
1, 
Z) .: 
& 


"111 (BC_1, 
* 
control, 
1) 1,; 


end 
Ha_Processor; 
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-- 
Copyright 
Intel 
Corporation 
1995, 
1996 


--***************************************************************************** 


--Inte1 
Corporation 
makes 
no warranty 
for 
the 
use 
of its products 
and 
assumes 
no 
responsibility 
for 
any 
errors 
which 
may 
appear 
in this 
document 
nor 
does 
it make 
a 
commitment 
to 
update 
the 
information 
contained 
herein. 


--***************************************************~************************* 


--Boundary-Scan 
Description 
Language 
(BSDL Version 
0:0) 
is 
a de-facto 


--standard 
means 
of 
describing 
essential 
features 
of ANSI/IEEE 
1149.1-1990 
compliant 
devices. 
This 
language 
is under 
consideration 
by 
the 
IEEE 
for 
formal 
inclusion 
within 
a 
supplement 
to 
the 
~149.1-1990 
standard. 
The 
generation 
of 
the 
supplement 
entails 
an· extensive 
IEEE 
review 
and 
a 
formal 
acceptance 
balloting 
procedure 
which 
may 
change 
the 
resultant 
form 
of 
the 
language. 
Be 
aware 
that 
this 
process 
may 
extend 
well 
into 
1993, 
and 
at 
this 
time 
the 
IEEE 
does 
not 
endorse 
or 
hold 
an 
opinion 
on 
the 
language. 


i960(R) 
Processor 
BSDL 
Model 


Project 
code 
HA 


File 
**NOT** 
verified 
electrically 


Rev 
0.8 
4 Apr 
1996 
Changed 
for 
PQ2 
Package 


Rev 
0.7 
18 Dec 
1995 
Updated 
for 
A-1 
stepping. 


Rev 
0.6 
08 Dec 
1994 


Rev 
0.5 
21 Nov 
1994 


Rev 
0.4 
31 
Oct 
1994 


Rev 
0.3 
26 
July 
1994 


Rev 
0.2 
22 
June 
1994 


Rev 
0.1 
16 Mar 
1994 


Rev 
0.0 
30 Aug 
1993 
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entity 
Ha_Processor 
is 


generic 
(PHYSICAL_PIN_MAP 
: string:= 
'PQ2") ; 


port 
(A 
out 
bit_vector 
(2 to 31) ; 


ADS BAR 
out 
bit; 


BEBAR 
out 
bit_vector 
(0 to 3) ; 


BLASTBAR 
out 
bit; 


BOFFBAR 
in 
bit; 


BREQ 
out 
bit; 


BSTALL 
out 
bit; 


BTERMBAR 
in 
bit; 


CT 
out 
bit_vector 
(0 to 3) ; 


.CLKIN 
in 
bit; 


D 
inout 
bit_vector 
(0 to 31) ; 


DENBAR 
out 
bit; 


DP 
inout 
bit_vector 
(0 to 3) ; 


DTRBAR 
out 
bit; 


DCBAR 
out 
bit; 


FAILBAR 
out 
bit; 


HOLD 
in 
bit; 


HOLDA 
out 
bit; 


LOCKBAR 
out 
bit; 


NMIBAR 
in 
bit; 


ONCEBAR 
in 
bit; 


PCHKBAR 
out 
bit; 


READYBAR 
in 
bit; 


RESETBAR 
in 
bit; 


STEST 
in 
bit; 


SUPBAR 
out 
bit; 


TCK 
in 
bit; 


TDI 
in 
bit; 


TDO 
out 
bit; 


TMS 
in 
bit; 


TRST 
in 
bit; 


WAITBAR 
out 
bit; 


WRBAR 
out 
bit; 


XINTBAR 
in 
bit_vector 
(0 to 
7); 


FIVEVREF 
linkage 
bit; 


VCCPLL 
linkage 
bit; 


J 
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'VCCl 
linkage 
bit_vector 
(0 to 
23) ; 


VCC2 
linkage 
bit_vector 
(0 to 
23) ; 


VSS1 
linkage 
bit_vector 
(0 to 23) ; 


VSS2 
linkage 
bit_vector 
(0 to 
23) 


) ; 


.' 


use 
STD_1149_1_1990.all; 


use 
i960ha_a.all; 


attribute 
PIN_MAP 
of 
Ha_Processor 


constant 
PQ2:PIN_MAP_STRING 
:= 


"A 
(151. 
150. 
147. 
146. 
145. 
144. 
141, 
140, 
139, 
138,"& 


135, 
134. 
133. 
132. 
127. 
126, 
125, 
124, 
121. 
120,"& 


119,118,113.112.111.110,107,106.105.104),"& 


77. "& 


(83.82,79,78),"& 


84, "& 


10,"& 


100."& 


"ADSBAR 


"BEBAR 


"BLASTBAR 


"BOFFBAR 


> "BREQ 


"BSTALL 


"BTERMBAR 


91. "& 


67. "& 


(183.182,181,180),"& 


175, "& 


(12, 
13, 
14, 
15, 
20, 
21, 
22, 
23, 
26. 
27, 
28. 
29,"& 


34, 
35, 
36, 
37, 
39, 
40, 
41. 
42. 
45. 
50, 
51, 
52,"& 


54, 
55, 
56. 
57, 
61, 
62, 
63. 
64)."& 


"CT 


"CLKIN 


"D 


"DENBAR 
85,"& 


"DP 
(206, 
207, 
203, 
202) ,"& 


"DTRBAR 
89,"& 


"DCBAR 
96. "& 


"FAILBAR 
5. -s 


"HOLD 
69, "& 


"HOLDA 
72, "& 


"LOCKBAR 
99, "& 


"NMIBAR 
159,"& 
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"ONCEBAR 


"PCHKBAR 


"READYBAR 


"RESETBAR 


"'STEST 


"SUPBAR 


"TCK 


"TDI 
I, 
"TDO 


"TMS 


"TRST 


"WAITBAR 


"WRBAR 


"XINTBAR 


"FIVEVREF 


"VCCPLL 


"VCC1 


"VCC2 


"VSS1 


"VSS2 


6, "& 


189,"& 


68, "& 


174, "& 


208,"& 


97, "& 


194, "& 


191,"& 


188,"& 


192,"& 


193,"& 


90, "& 


88, "& 


(169, '168, 167, 
166, 
163, 
162, 
161, 
160) .r s. 


197, "& 


177,"& 


(1, 4, 
9, 
11, 
17, 
19, 
25, 
31, 
33, 
38, 
44, 
46,"& 


49, 
59, 
60, 
66, 
71, 
74, 
76, 
81, 
87, 
92, 
95, 
101) .r s. 


(102,109,115,117, 
123, 
128, 
131, 
137, 
143, 
149,"& 


15.),154,158,165,171, 
173, 
176, 
179, 
185, 
187,"& 


196, 
199, 
201, 
204),"& 


(2,3,7,8,16,18,24,30,32,43,47,48,"& 


53, 
58, 
65, 
70, 
73, 
75, 
80, 
86, 
93, 
94, 
98, 
103),"& 


(108, 
114, 
116, 
122, 
129, 
130, 
136, 
142, 
148, 
152,"& 


155, 
156, 
157, 
164, 
170, 
172, 
178, 
184, 
186, 
190,"& 


195, 
198, 
200, 
205)"; 


attribute 
Tap_Scan_In 
of 
TDI 
signal 
is 
true; 


attribute 
Tap_Scan_Mode 
of 
TMS 
signal 
is 
true; 


attribute 
Tap_Scan_Out 
of 
TDO 
signal 
is 
true; 


attribute 
Tap_Scan_Reset 
of 
TRST 
signal 
is 
true; 


attribute 
Tap_Scan_Clock 
of 
TCK 
signal 
is 
(66.0e6, 
BOTH) ; 


attribute 
Instruction_Length 
of 
Ha_Processor: 
entity 
is 
4; 


attribute 
Instruction 
_Opcode 
of 
Ha_Processor: 
entity 
is 
I ADVANCE 
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"Reserved 
(1011, 
1100)"; 


attribute 
Instruction_Capture 
of 
Ha_Processor: 
entity 
is 
"0001"; 


attribute 
Instruction_Private 
of 
Ha_Processor: 
entity 
is 
"Reserved" 


attribute 
Idcode_Register 
of 
Ha_Processor: 
entity 
is 


"0001" 
& 
version, 
& 
part 
number 
& 
manufacturers 
identity 


required 
by 
the 
standard 


"1000100001000000" 


"00000001001" 


"1"; 


attribute 
Register_Access 
of 
Ha_Processor: 
entity 
is 


"Runbist[32] 
(RUBIST) .: 
& 


(CLAMP, 
HIGHZ)"; 
"Bypass 


******************************************************************************* 


The 
first 
cell, 
cellO, 
is 
closest 
to TDO 


BC_1:Control, 
Output3 
CBSC_l:Bidir 
BC_4: 
Input, 
Clock 


******************************************************************************* 


attribute 
Boundary_Cells 
of 
Ha_Processor: 
entity 
is 
"BC_4, 
BC_1, 
CBSC_l" 
; 


attribute 
Boundary_Length 
of 
Ha_Processor: 
entity 
is 
112; 


attribute 
Boundary_Register 
of 
Ha_Proces~or: 
entity 
is 


"0 
(CBSC_1, 
DP(3) , 
bidir, 
X, 
17, 
1, 
Z) ," 
& 
"1 
.(CBSC_l, 
DPP) 
r 
bidir, 
X, 
17, 
1, 
Z) I" 
& 
"2 
(CBSC_1, 
DP(O) , 
bidir, 
X, 
17, 
1, 
Z) ," 
& 
"3 
(CBSC_1, 
DP(l) 
r 
bidir, 
X, 
17, 
1, 
Z) ," 
& 
"4 
(~C-e- 4, 
.STEST', 
input, 
X) I" 
& 
"5 
(BC_1, 
FAILBAR, 
output3, 
X, 
6, 
1, 
Z) r 
" 
& 
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"6 
(BC_1, 
* 
control, 
1) ,• 
& 


"7 
(BC_4, 
ONCEBAR, 
input, 
X), " 
& 


"8 
(BC_4, 
BOFFBAR, 
input, 
X) .: 
& 


"9 
(CBSC_1, 
0(0) 
r 
bidir, 
X, 
17, 
1, 
Z) , • 
& 


"10 
(CBSC_1, 
0(1) , 
bidir, 
X, 
17, 
1, 
Z) 
r 
" 
& 


"11 
(CBSC_1, 
0(2) , 
bidir, 
X, 
17, 
1, 
Z) , " 
& 


"12 
(CBSC_1, 
0(3) 
r 
bidir, 
X, 
17, 
1, 
Z) 
t 
• 
& 


"13 
(CBSC_1, 
0(4) , 
bidir, 
X, 
17, 
1, 
Z) , 
H 
& 


"14 
(CBSC_1, 
0(5) , 
bidir, 
X, 
17, 
1', 
Z) 
r 
H 
& 


"15 
(CBSC_1, 
0(6) , 
bidir, 
X, 
17, 
1, 
Z) 
t 
H 
& 


"16 
(CBSC_1, 
0(7) , 
bidir, 
X, 
17, 
1, 
Z) , " 
& 


"17 
(BC_1, 
* , 
control, 
1) , H 
& 


"18 
(CBSC_1, 
0(8) 
r 
bidir, 
X, 
17, 
1, 
Z) , • 
& 


"19 
(CBSC_1, 
0(9) 
r 
bidir, 
X, 
17, 
1, 
Z), 
" 
& 


"20 
(CBSC_1, 
0(10) , 
bidir, 
X, 
17, 
1, 
Z) , • 
& 


"21 
(CBSC_1, 
0(11) , 
bidir, 
X, 
17, 
1, 
Z) 
r 
• 
& 


"22 
(CBSC_1, 
0(12) 
r 
bidir, 
X, 
17, 
1, 
Z) , " 
& 


"23 
(CBSC_1, 
0(13) , 
bidir, 
X, 
17, 
1, 
Z) 
r 
• 
& 


"24 
(CBSC_1, 
0(14) 
r 
bidir, 
X, 
17, 
1, 
Z) , • 
& 


"25 
(CBSC_1, 
0(15) 
t 
bidir, 
X, 
17, 
1, 
Z) , • 
& 


"26 
(CBSC_1, 
0(16) , 
bidir, 
X, 
l?, 
1, 
Z) , • 
& 


I 


"27 
(CBSC_1, 
0(17) , 
bidir, 
X, 
17, 
1, 
Z) , • 
& 


"28 
(CBSC_1, 
0(18) , 
bidir, 
X" 
17, 
1, 
Z) 
r 
" 
& 


"29 
(CBSC_1, 
0(19) , 
bidir, 
X, 
l?, 
1, 
Z) , • 
& 


i 
"30 
(CBSC_1, 
0(20) 
r 
bidir, 
X, 
17, 
1, 
Z) 
r 
• 
& 


I 
"31 
(CBSC_1, 
0(21) , 
bidir, . 
X, 
17, 
1, 
Z) 
r 
" 
& 


I 
"32 
(CBSC_1, 
0(22) , 
bidir, 
X, 
17, 
1, 
Z) 
t 
H 
& 
I 


"33 
(CBSC_1, 
0(23) , 
bidir, 
X, 
17, 
1, 
Z) , " 
& 


"34 
(CBSC_1, 
0(24) , 
bidir, 
x, 
17, 
1, 
Z) I" 
& 


"35 
(CBSC_1, 
0(25) 
t 
bidir, 
X, 
17, 
1, 
Z) 
r 
H 
& 


"36 
(CBSC_1, 
.0(26) , 
bidir, 
X, 
17, 
1, 
Z) , 
H 
& 
I 
"37 
(CBSC_1, 
0(27) , 
bidir, 
X, 
17, 
1, 
Z) , 
H 
& 


"38 
(CBSC_1, 
0(28) 
t 
bidir, 
X, 
17, 
1, 
Z) , • 
& 
"39 
(CBSC_1, 
0(29) , 
bidir, 
X, 
17, 
1, 
Z) ," 
& 


"40 
(CBSC_1, 
0(30) , 
bidir, 
X, 
17, 
1, 
Z) , • 
& 
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"41 
(CBSC_1, 
D(31) , 
bidir, 
x, 
17, 
1, 
Z) 
t 
" 
& 


"42 
(BC_"4, 
BTERMBAR, 
input, 
X), " 
& 


"43 
(BC_4, 
READYBAR, 
input, 
X), " 
& 


"44 
(BC_4, 
HOLD, 
input, 
X), " 
& 


"45 
(BC_1, 
HOLDA, 
output3, 
X, 
46, 
1, 
Z) , • 
& 


"46 
(BC_1, 
* 
control, 
1) " 
& 


"47 
(BC_1, 
ADSBAR, 
output3, 
X, 
61, 
1, 
Z) 
t 
• 
& 


"48 
(BC_1, 
BEBAR(3) 
t 
output3, 
X, 
61, 
1, 
Z) , • 
& 


"49 
(BC_1, 
BEBAR(2) 
t 
output3, 
X, 
61, 
1, 
Z) 
t 
" 
& 


"50 
(BC_1, 
BEBAR(l) 
, 
output3, 
X, 
61, 
1, 
Z) , " 
& 


"51 
(BC_1, 
BEBAR(O) 
, 
output3, 
X, 
61, 
1, 
Z) , • 
& 


"52 
(BC_1, 
BLASTBAR, 
output3, 
x, 
61, 
1, 
Z) ," 
& 


"53 
(BC_1, 
DENBAR, 
output3, 
X, 
61, 
1, 
Z) .: 
& 


"54 
(BC_1, 
WRBAR, 
output3, 
X, 
61, 1, 
Z) 
r 
• 
& 


"55 
(BC_1, 
DTRBAR, 
output3, 
X, 
56, 
1, 
Z) 
r 
• 
& 


"56 
(BC_1, 
* , 
control, 
1) ,• 
& 


"57 
(BC_1, 
WAITBAR, 
output3, 
x, 
61, 
1, 
Z) ,. 
& 


"58 
(BC_1, 
BSTALL, 
output3, 
X, 
6, 
1, 
Z) , • 
& 


"59 
(BC_1, 
DCBAR, 
output3, 
X, 
61, 
1, 
Z) 
r 
& 


"60 
(BC_1, 
SUPBAR, 
output3, 
X, 
61, 
1, 
Z) , • 
& 


"61 
(BC_1, 
* , 
control, 
1) .: 
& 


"62 
(BC_1, 
LOCKBAR, 
output3, 
X, 
61, 
1, 
Z) 
r 
H 
& 


"63 
(BC_1, 
BREQ, 
output3, 
X, 
6, 
1, 
Z), 
" 
& 


"64 
(BC_1, 
A(31) , 
output3, 
X, 
80, 
1, 
Z) , • 
& 


"65 
(BC_1, 
A(30) , 
output3, 
X, 
80, 
1, 
Z) , • 
& 


"66 
(BC_1, 
A(29) , 
output3, 
X, 
80, 
1, 
Z) , • 
& 


"67 
(BC_1, 
A(28) , 
output3, 
X, 
80, 
1, 
Z) , • 
& 


"68 
(BC_1, 
A(27) 
r 
output3, 
X, 
80, 
1, 
Z) 
t 
H 
& 


"69 
(BC_1, 
A(26) , 
output3, 
X, 
80, 
1, 
Z) 
t 
• 
& 


"70 
(BC_1, 
A(25) , 
output3, 
X, 
80, 
1, 
Z)," 
& 


"71 
(BC_1, 
A(24) , 
output3, 
X, 
80, 
1, 
Z) , 
H 
& 


"72 
(BC_1, 
A(23) , 
output3, 
X, 
80, 
1, 
Z) 
r 
H 
& 


"73 
(BC_l, 
A(22) 
r 
output3, 
X, 
80, 
1, 
Z) 
r 
• 
& 


"74 
(BC_1, 
A(21) 
r 
output3, 
X, 
80, 
1, 
Z) 
t 
H 
& 


"75 
(BC_1, 
A(20) , 
output3, 
X, 
80, 
1, 
Z) 
r 
H 
& 


1-162 
ADVANCE INFORMATION I 


intel.· 
80960HAlHDIHT 


Example 
5-2. 
Boundary-Scan 
Description 
Language 
(BSDL) for PQ2 Package 
Example 
(Sheet 8 of 8) 


"76 
(BC_1. 
A(19) • 
output3. 
X. 
80. 
1. 
Z), 
" 
& 


"77 
(BC_1. 
.A(18). 
output3 • 
x. 
80. 
1. 
Z) 
.: 
& 


"78 
(BC_1. 
A(17) • 
output3. 
X. 
80. 
1. 
Z) 
.: 
& 


"79 
(BC_1. 
A(16) • 
output3. 
X. 
80. 
1. 
Z) 
.: 
& 


"80 
(BC_1. 
*. 
control. 
1) .: 
& 


"81 
(BC_1. 
A(15) • 
output3. 
X. 
80. 
1. 
Z) 
.: 
& 


"82 
(BC_1 •• A(14) • 
output3, 
X, 
80, 
1, 
Z)," 
& 


"83 
(BC_1, 
A(13) 
t 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"84 
(BC_1, 
A(12) 
r 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"85 
(BC_1, 
A(l1) , 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"86 
(BC_1, 
A(10) 
r 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"87 
(BC_1, 
.A(9), 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"88 
(BC_1, 
A(8) 
t 
output3, 
X, 
80, 
1, 
Z) 
, •• 
& 


"89 
(BC_1, 
A(7) , 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"90 
(BC_1, 
A(6) , 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"91 
(BC_1, 
A(5) , 
output3, 
X, 
80, 
1, 
Z)," 
& 


"92 
(BC_1, 
A(4) 
r 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"93 
(BC_1, 
A(3) 
t 
output3, 
X, 
80, 
1, 
Z) I" 
& 


"94 
(BC_1, 
A(2) 
t 
output3, 
X, 
80, 
1, 
Z), 
" 
& 


"95 
(BC_4, 
NMIBAR, 
input, 
X),'I 
& 


"96 
(BC~4, 
XINTBAR 
(7) r 
input, 
X), •• 
& 


"97 
(BC_4, 
XINTBAR 
(6) , 
input, 
X}, •• 
& 


"98 
(BC_4, 
XINTBAR 
(5) , 
input, 
X}, •• 
& 


"99 
(BC_4, 
XINTBAR 
(4) , 
input, 
X}, •• 
& 


"100(BC_4, 
XINTBAR(3}, 
input, 
X), •• 
& 


"101 (BC_4, 
XINTBAR 
(2) , 
input, 
X), •• 
& 


"102(BC_4, 
XINTErAR (1) , 
input, 
X}, •• 
& 


"103 (BC_4, 
XINTBAR 
(O) r 
input, 
X}, •• 
& 


"lQ4(BC_4, 
RESETBAR, 
input, 
X}, •• 
& 


"105(BC_4, 
CLK+N, 
input, 
X), 
" 
& 


"106(BC_1, 
CT(3) , 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"107 (BC_1, 
CT(2) , 
output3, 
X, 
80, 
1, 
Z), 
•• 
& 


"108(BC_1, 
CT(l) 
r 
output3, 
X, 
80, 
1, 
Z) 
, •• 
& 


"109(BC_1, 
CT(O) , 
output3, 
X, 
80, 
1, 
Z) 
, •• 
& 


"110 (BC_1, 
PCHKBAR, 
output3. 
X, 
111,1, 
Z), 
•• 
& 


"111 (BC_1, 
* 
control, 
1) "; 


end 
Ha_Processor; 
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HOLDA 
pin definition 
during BOFF mode corrected. 


Specified 
that TRST 
can be tied low when not used. Also 
changed 
the TRST pull-up resistor to a 65 k.Q resistor. 


Clarified that the om remains asserted 
for an entire bus 
request, 
even when that request spans several 
bus 
accesses. 


Table 11, Maximum 
TA at Various Airflows 
in °C 
Revised all table values. 
(PGA Package 
Only) (pg. 23) 


Table 13, Maximum 
TA at Various Airflows 
in °C 
Revised all table values and added data for 16 MHz clock 
(PQ2 Package 
Only) (pg. 24) 
within the Core 2X Bus Clock data. 


Table 14, 80960Hx 
208-Pin 
PQ2 Package 
Added thermal 
data for PQ2 package. 
Thermal 
Characteristics 
(pg. 24) 
Changed 
title to refer to 208-pin 
package. 


Table 17, Device ID Version Numbers for Different 
New table. 
Steppings 
(pg. 26) 


Table 18, Operating 
Conditions 
(pg. 27) 
Changed 
Min and Max data for Vcc and VCC5. 


Table 20, 80960Hx 
DC Characteristics 
(pg. 29) 
Added 3.3 V and 5 V AC and DC specifications 
based on 
design simulations. 
Revised values for Ill, ILO' Icc Power 
Supply, lee Thermal, 
lee Test, and Rpu. 


Increased 
IOLfor H\f[ pin. 


Corrected 
sign for III and increased 
value for pins with 
resistor pull-ups. 


Added categories 
under lee- 


Removed 
IHALT. 


Added ONCE parameter 
to Rpu and reduced 
resistance 
values. 


Added CIN for PQ2 package. 


Table 21, 80960Hx 
AC Characteristics 
(pg. 31) 
Changed 
max value for TF 


Changed 
min value for T. 


Redefined 
Tcs 


Revised synchronous 
and asynchronous 
timings 
based on 
silicon characterizations. 


Table 23, 80960Hx 
Boundary 
Scan Test Signal 
Added values for T BSF min and T.BSC max. 


Timings 
(pg. 33) 
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Table 25. 
Data Sheet Version 
-003 to -004 Revision 
History 
(Sheet 2 of 2) 


Section 
Description 


Section 
4.6.1, AC Test C?nditlons 
(pg. 34) 
Corrected 
reference 
to Figure 25. 


Figure 22, Rise and Fall Time Derating 
at 85°C 
New figures. 


and Minimum 
VCC (pg. 41) 


Figure 23, ICC Active (Power Supply) vs. 


Frequency 
(pg. 41) 


Figure 24, ICC Active (Thermal) 
vs. Frequency 
(pg. 42) 


Figure 26, Output 
Delay vs. Temperature 
(pg. 43) 


Figure 27, Output 
Hold Times vs. Temperature 
(pg. 43) 


Figure 28, Output 
Delay vs. VCC (pg. 44) 


Figure 29, Cold Reset Waveform 
(pg. 45) 
Added values for "RESET periods. 


Figure 30, Warm Reset Waveform 
(pg. 46) 


Figure 31, Entering 
ONCE Mode (pg. 47) 
Added values for Vcc periods and indicated 
that CLKIN 
must be active. 


Figures 
33 through 
39 (pages 49 through 
55) 
Revised UEfJ waveform. 


Figures 
38, 39, and 40 (pages 54 through 
56) 
Revised WAIT waveforms. 


Figure 40, Burst, Non-Plpellned 
Read Request 
Changed 
Burst and Non-Burst 
Identifiers. 
with Wait States, 
8-Blt Bus (pg. 56) 
. 


Figure 49, BOFF Functional 
Timing 
(pg. 65) 
Moved Begin Request and End Request 
terminals 
outward. 


Figure 58, Bus States (pg. 73) 
Added READY signal to ADDRESS 
and DATA states. 


Example 
5-2, Boundary-Scan 
Description 
New example. 


Language 
(BSDL) for PQ2 Package 
Example 
(pg. 86) 
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- 
Nine Aaaresslng 
Moaes 
- 
User/Supervisor 
Protection Model 
_ 
Two-Way Set Associative Instruction 
Cache - 
B0960JA - 2 Kbyte 
B0960JF - 4 Kbyte 
Programmable Cache Locking 
Mechanism 
_ 
Direct Mapped Data Cache 
- 
B0960JA -1 Kbyte 
' 


- 
B0960JF - 2 Kbyte 
- 
Write Through Operation 
_ 
On-Chip Stack Frame Cache 
Seven Register Sets Can Be Saved 
Automatic Allocation on CalVReturn 
- 
0-7 Frames Reserved for High-Priority 
Interrupts 
_ 
On-Chip Data RAM 
1 Kbyte Critical Variable Storage 
- 
Single-Cycle Access 


- 
,",onUIIIOlltll 
'"'UU, oumract 
ann 
>:lie.eel 


- 
Processor Management 
High-Speed Interrupt Controller 
- 
31 Programmable PrioritieA- 


- 
Eight Maskable Pins plus NMI 
- 
Up to 240 Vectors in Expanded Mode 
_ 
Two On-Chip Timers 
- 
Independent 32-Bit Counting 
- 
Clock Prescaling by 1, 2, 4 or B 
- 
Internal Interrupt Sources 
_ 
Halt Mode for Low Power 


_ 
IEEE 1149.1 (JTAG) Boundary Scan 
Compatibility 
_ 
Packages 
132-Lead Pin Grid Array (PGA) 
132-Lead Plastic Quad Flat Pack (PQFP) 


..' 
"'" 
., 
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1.0 
PURPOSE 


This document contains preliminary information for 
the 80960JAlJF microprocessor, including electrical 
characteristics 
and 
package 
pinout 
information. 
Detailed 
functional 
descriptions. - 
other 
than 
parametric performance - 
are published in the 
i96(J1PJx Microprocessor 
User's Guide (272483). 


Throughout this data sheet, references to "80960Jx" 
indicate features which apply to all of the following: 


• 80960JA - 
5V, 2 Kbyte instruction cache, 1 Kbyte 
data cache 
• 80960JF - 
5V, 4 Kbyte instruction cache, 2 Kbyte 
data cache 
• 80960JD - 
5V, 4 Kbyte instruction cache, 2 Kbyte 
data cache and clock doubling 
• 80L960JA - 
3.3 V version of the 80960JA 
• 80L960JF - 
3.3 V version of the 80960JF 


2.0 
80960JAlJF 
OVERVIEW 


The 80960JAlJF offers high performance to cost- 
sensitive 
32-bit 
embedded 
applications. 
The 
80960JAlJF 
is object code compatible with the 
80960 Core Architecture and is capable of sustained 
execution at the rate of one instruction per clock. 
This 
processor's 
features 
include 
generous 
instruction cache, data cache and data RAM. It also 
boasts a fast interrupt mechanism, dual program- 
mable timer units and new instructions. 


Memory subsystems for cost-sensitive embedded 
applications 
often 
impose substantial wait state 
penalties. The 80960JAlJF integrates considerable 
storage 
resources 
on-chip 
to 
decouple 
CPU 
execution from the extemal bus. 


The 80960JAlJF rapidly allocates and deallocates 
local register sets during context switches. The 
processor needs to flush a register set to the stack 
only when it saves more than seven sets to its local 
register cache. 


A 32-bit multiplexed burst bus provides a high-speed 
interface 
to 
system 
memory 
and 
110. 
A 
full 
complement 
of 
control 
signals 
simplifies 
the 
connection of the 80960JAlJF to external compo- 
nents. The 
user programs physical and logical 
memory attributes through memory-mapped control 
registers (MMRs) - 
an extension not found on the 


i960 Kx, Sx or Cx processors. Physical and logical 
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configuration 
registers enable 
the 
processor 
to 
operate with all combinations of bus width and data 
object alignment. The processor supports a homoge- 
neous byte ordering model. 


This processor integrates two important peripherals: 
a timer unit and an interrupt controller. These and 
other hardware resources are programmed through 
memory-mapped control registers, an extension to 
the familiar 80960 architecture. 


The timer unit (TU) offers two independent 32-bit 
timers for use as real-time system clocks and 
general-purpose system timing. These operate in 
either single-shot or auto-reload mode and can 
generate interrupts. 


The interrupt controller unit (ICU) provides a flexible, 
low-latency means for requesting interrupts.The ICU 
provides full programmability of up to 240 interrupt 
sources into 31 
priority levels. The 
ICU takes 
advantage of a cached priority table and optional 
routine caching to minimize interrupt latency. 
Local 
registers may be dedicated to high-priority interrupts 
to further reduce latency. Acting independently from 
the core, the ICU compares the priorities of posted 
interrupts with 
the current 
process priority, 
off- 
loading this task from the core. The ICU also 
supports the integrated timer interrupts. 


The 80960JAlJF features a Halt mode designed to 
support applications where low power consumption 
is critical. The halt instruction shuts down instruction 
execution, resulting in a power savings of up to 90 
percent. 


The 
80960JAlJF's 
testability 
features, 
including 
ONCE (On-Circuit Emulation) mode and Boundary 
Scan (JTAG), provide a powerful environment for 
design debug and fault diagnosis. 


The Solutions960@ program features a wide variety 
of 
development 
tools 
which 
support 
the 
i960 
processor family. Many of these tools are developed 
by partner companies; some are developed by Intel, 
such as profile-driven optimizing compilers. 
For 
more information on these products, contact your 
local Intel representative. 
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PLL, Clocks, 
Power Mgmt 


Boundary 
Scan 
Controller 


a-set 
Local 
Register 
Cache 


128 


Global I Local 


Register 
File 


SRC1 
SRC2 
DEST 


Instruction 
Cache 
4 Kbyte (8096OJF)or 2 Kbyte (8096OJA) 
Two·Way 
Set Associative 


Multiply 
Divide 
Unit 


1 Kby1e 


Data RAM 


2 Kbyte (80960JF) 
or 


'--_ 
•••• 
' Kby1e (B0960JA) 
Direct Mapped 
Data Cache 


Figure 2. 
80960JAlJF 
Block Diagram 


2.1 
80960 Processor 
Core 


The S0960Jx family is a scalar implementation 
of the 
S0960 
Core 
Architecture. 
Intel 
deSigned 
this 
processor 
core as a very 
high performance 
device 
that is also cost-effective. 
Factors 
that contribute 
to 
the core's performance 
include: 


• Single-clock 
execution 
of most instructions 


• Independent 
Multiply/Divide 
Unit 


• Efficient 
instruction 
pipeline 
minimizes 
pipeline 
break latency 


• Register 
and resource 
scoreboarding 
allow 
overlapped 
instruction 
execution 


• 12S-bit register 
bus speeds 
local register caching 
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• Two-way 
set associative, 
integrated 
instruction 
cache 


• Direct-mapped, 
integrated 
data cache 


• 1 Kbyte integrated 
data RAM delivers 
zero wait 
state program 
data 


2.2 
Burst Bus 


A 32-bit 
high-performance 
bus controller 
interfaces 
the S0960JAlJF 
to external 
memory 
and peripherals. 


The BCU fetches 
instructions 
and transfers 
data at 


the 
rate 
of up to four 
32-bit 
words 
per 
six 
clock 
cycles. 
The 
external 
address/data 
bus 
is 
multi- 


plexed. 
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Users may configure the 80960JAlJF's bus controller 
to 
match 
an 
application's 
fundamental 
memory 
organization. 
Physical 
bus 
width 
is 
register- 
programmed for up to eight regions. Byte ordering 
and data caching are programmed through a group 
of logical memory templates and a defaults register. 


The BCU's features include: . 


• Multiplexed extemal bus to minimize pin count 
• 32-,16- and 8-bit bus widths to simplify 1/0 
interfaces 


• Extemal ready control for address-to-data, data-to- 
data and data-to-next-address wait state types 
• Support for big or little endian byte ordering to 
facilitate the porting of existing program code 
• Unaligned bus accesses performed transparently 
• Three-deep load/store queue to decouple the bus 
from the core 


Upon' reset, the 80960JAlJF conducts an internal 
self test. Then, before executing its first instruction, it 
performs 
an 
external 
bus 
confidence 
test 
by 
performing a checksum on the first words of the 
initialization boot record (IBR). 


The user may examine the contents of the caches at 
any time by executing special cache control instruc- 
tions. 


2.3 
Timer Unit 


The timer unit (TU) contains two independent 32-bit 
timers which are capable of counting at several clock 
rates and generating interrupts. Each is programmed 
by use of the TU registers. These memory-mapped 
registers are addressable on 32-bit boundaries. The 
timers have a single-shot mode and auto-reload 
capabilities for continuous operation. Each timer has 
an independent interrupt request to the interrupt 
controller. 
The TU can 
generate a fault when 
unauthorized writes from user mode are detected. 
Clock prescaling is supported. 


2.4 
Priority Interrupt Controller 


A programmable interrupt controller manages up to 
240 external sources through an 8-bit extemal 
interrupt port. Altematively, the interrupt inputs may 
be configured for individual edge- or level-triggered 
IPRELIMINARY 


80960JAlJF 


inputs. The interrupt unit (IU) also accepts interrupts 
from the two on-chip time.I..f!lannels and a single 
Non-Maskable Interrupt (NMI) pin. Interrupts are 


, serviced according to their priority levels relative to 
the current process priority. 


Low interrupt latency is critical to many embedded 
applications. As part of its highly flexible interrupt 
mechanism, 
the 
80960JAlJF 
exploits 
several 
techniques to minimize latency: 


• Interrupt vectors and interrupt handler routines can 
be reserved on-chip 


• Register frames for high-priority interrupt handlers 
can be cached on-chip 


• The interrupt stack can be placed in cacheable 
memory space 


2.5 
Instruction Set Summary 


The 80960JAlJF adds several new instructions to the 
i960 core architecture. The new instructions are: 
• Conditional Move 
• Conditional Add 
• Conditional Subtract 
• Byte Swap 


• Halt 
• Cache Control 
• Interrupt Control 


Table 1 identifies the instructions that the 80960Jx 
supports. Refer to i96cP Jx Microprocessor User's 
Guide (272483) for a detailed description of each 
instruction. 


2.6 
Fault~ and Debugging 


The 80960Jx employs a comprehensive fault model. 
The processor responds to faults by making implicit 
calls to a fault handling routine. Specific information 
collected for each fault allows the fault handler to 
diagnose exceptions and recover appropriately. 


The processor also has built-in debug capabilities. In 
software, the 80960Jx may be configured to detect 
as many as seven different trace event types. Alter- 
natively, mark and fmark instructions can generate 
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micron rnanuractunnq process. Ine processor 
s :;uu- 
micron topology 
provides the circuit density for 
optimal cache size and high operating speeds while 
dissipating modest power. The processor also uses 
dynamic power management to tum off clocks to 
unused circuits. 


Users may program the 80960Jx to enter Halt mode 
for maximum power savings. In Halt mode, the 
processor core stops completely while the integrated 
peripherals continue to function, reducing overall 
power requirements up to 90 percent. Processor 
execution 
resumes from 
intemally 
or 
extemally 
generated interrupts. 


2.8 
Test Features 


The 80960Jx incorporates numerous features which 
enhance the user's ability to test both the processor 
and the system to which it is attached. These 
features include ONCE (On-Circuit Emulation) mode 
and Boundary Scan (JTAG). 


The 80960Jx provides testability features compatible 
with IEEE Standard Test Access Port and Boundary 
Scan Architecture (IEEE Std. 1149.1). 


One of the boundary scan instructions, 
HIGHZ, 
forces t.he processor to float all its output pins 
(ONCE mode). ONCE mode can also be initiated at 
reset without using the boundary scan mechanism. 


ONCE mode is useful for board-level testing. This 
feature allows a mounted 80960JAlJF to electrically 
"remove" itself from a circuit board. This allows for 
system-level testing where a remote tester - 
such 
as 
an 
in-circuit 
emulator - 
can 
exercise the 
processor system. 


The provided test logic does not interfere with 
component or circuit board behavior and ensures 
that 
components 
function 
correctly, 
connections 
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2.9 
Memory-Mapped 
Control 
Registers 


The 80960JAlJF, though compliant with i960 series 
processor 
core, 
has 
the 
added 
advantage 
of 
memory-mapped, internal control registers not found 
on the i960 Kx, Sx or Cx processors. These give 
software the interface to easily read and modify 
intemal control registers. 


Each of these registers is accessed as a memory- 
mapped, 32-bit register. Access is accomplished 
through regular memory-format instructions. The 
processor ensures that these accesses 
do 
not 
generate external bus cycles. 


2.10 
Data Types and Memory 
Addressing 
Modes 


As with all i960 family processors, the 80960JAlJF 
instruction set supports several data types and 
formats: 


• Bit 
• Bit fields 
• Integer (8-, 16-,32-, 64-bit) 
• Ordinal (8-, 16-,32-, 64-bit unsigned integers) 
• Triple word (96 bits) 
• Quad word (128 bits) 


The 80960JAlJF provides a full set of addressing 
modes for C and assembly programming: 


• Two Absolute modes 
• Five Register Indirect modes 


• Index with displacement 
• IP with displacement 
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Table 1. 80960Jx 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit. Bit Field 
and Byte 


Load 
Add 
And 
Set Bit 


Store 
Subtract 
Not And 
Clear Bit 


Move 
Multiply 
And Not 
Not Bit 


·Conditional 
Select 
Divide 
Or 
Alter Bit 


Load Address 
Remainder 
Exclusive 
Or 
Scan For Bit 


Modulo 
Not Or 
Span Over Bit 


$hift 
Or Not 
Extract 


Extended 
Shift 
Nor 
Modify 


i 
Extended 
Multiply 
Exclusive 
Nor 
Scan Byte for Equal 
. 
Extended 
Divide 
Not 
"Byte Swap 
. 


Add with Carry 
Nand 


Subtract 
with Carry 


"Conditional 
Add 


"Conditional 
Subtract 


Rotate 


Comparison 
Branch 
CalUReturn 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 


Conditional 
Compare 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
and 
Compare 
and Branch 
Call System 
Increment 
Return 
Compare 
and 
Branch and Link 
Decrement 


Test Condition 
Code 


Check Bit 


Processor 
c 
w 
• 
•. 


Debug 
Management 
Atomic 
,. 
,. 
r 


Modify Trace Controls 
Flush Local Registers 
Atomic Add 


Mark 
Modify Arithmetic 
Atomic 
Modify 


Force Mark 
Controls 


Modify Process 


I 


Controls 


·Halt 
. 


System 
Control 
" 


·Cache 
Control 


"lnterrupt 
Control 


NOTE: 
Asterisk 
(0) denotes 
new 80960Jx 
instructions 
unavailable 
on 80960CAlCF, 
80960KAlKB 
and 80960SAlSB 
implementations. 
IPRELIMINARY 
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3.0 
PACKAGE INFORMATION 


The 80960JAlJF will be offered in several speed and 
package types. The 132-pin Pin Grid Array (PGA) 
device 
will 
be 
specified 
for 
operation 
at 
Vcc = 5.0 V ± 5% over a case temperature range of 
0° to 100°C: 
• A8096OJAlJF-33 (33 MHz) 


• A80960JAlJF-25 (25 MHz) 
• A8096OJAlJF-16 (16 MHz) 


The 132-pin Plastic Quad Flatpack (PQFP) devices 
will be specified for operation at Vcc = 5.0 V ± 5% 
over a case temperature range of 0° to 100°C: 


• NG8096OJAlJF-33 (33 MHz) 
• NG8096OJAlJF-25 (25 MHz) 
• NG8096OJ.AlJF-16(16 MHz) 


For complete 
package 
specifications 
and 
infor- 
mation, refer to Intel's Packaging Handbook 
(240800). 


3.1 
Pin Descriptions 


This section describes the pins for the 80960JAlJF in 
the 132'-pin ceramic Pin Grid Array (PGA) package 
and 
132-lead 
Plastic 
Quad' Flatpack 
Package 
(PQFP). 


Section 
3.1.1, 
Functional 
Pin 
Definitions 
describes pin function; Section 3.1.2, 80960Jx 132- 
Lead 
PGA Pinout 
and Section 
3.1.3, 80960Jx 
PQFP Pinout define the signal and pin locations for 
the supported package types. 


3.1.1 
Functional Pin Definitions 


Table 2 presents the legend for interpreting the pin 
descriptions which follow. Pins associated with the 
bus 
interface 
are 
described 
in 
Table 
3. 
Pins 
associated with basic control and test functions are 
described in Table 4. 
Pins associated with the 


• Interrupt Unit are described in Table 5. 
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Table 2. Pin Description 
Nomenclature 


Symbol 
Description 
I 
Input pin only. 


0 
Output pin only. 


110 
Pin can be either an input or output. 


- 
Pin must be connected as described. 


S 
Synchronous. Inputs must meet setup 
and hold times relative to CLKIN for 
proper operation. 


S(E) Edge sensitive input 
S(L) Level sensitive input 


A (...) 
Asynchronous. Inputs may be 
asynchronous relative to CLKIN. 


. A(E) Edge sensitive input 
A(L) Level sensitive input 


R( ...) 
While the processor's RESET pin is 
asserted, the pin:, 


R(1) is driven to Vcc 
R(O)is driven to Vss 
R(Q) is a valid output 
R(X) is driven to unknown state 
R(H) is pulled up to Vcc 


H (...) 
While the processor is in the hold state, 
the pin: 
H(1) is driven to Vcc 
H(O)is driven to Vss 
H(Q) Maintains previous state or 
continues to be a valid output 
H(Z) Floats 


P (...) 
While the processor is halted, the pin: 


P(1) is driven to Vcc 
PtO)is driven to Vss 
P(Q) Maintains previous state or 
continues to be a valid output 
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Table 3. Pin Description 
- 
External 
Bus Signals 
(Sheet 
1 of 4) 


NAME 
TYPE 
DESCRIPTION 


AD31:0 
1/0 
ADDRESS I DATA BUS carries 32-bit physical 
addresses 
and 8-, 16- or 32-bit data 
S(L) 
to and from memory. 
During an address 
(Ta) cycle, bits 31:2 contain a physical 
word 
R(X) 
address 
(bits 0-1 indicate 
SIZE; see below). During a data (Td) cycle, read or write 
H(Z) 
data is present on one or more contiguous 
bytes, comprising 
AD31 :24, AD23:16, 
P(Q) 
AD15:8 and AD7:0. During write operations, 
unused 
pins are driven to determinate 
values. 


SIZE, which comprises 
bits 0-1 of the AD lines during a Ta cycle, specifies 
the 
number of data transfers 
during the bus transaction. 


AD1 
ADO 
Bus Transfers 


0 
0 
1 Transfer 
0 
1 
2 Transfers 
1 
0 
. 3 Transfers 
1 
1 
4 Transfers 


When the processor 
enters Halt mode, if the previous 
bus operation 
was a: 


• write - 
AD31:2 are driven with the last data value on the AD bus. 


• read - 
AD31 :4 are driven with the last address value on the AD bus; AD3:2 are 
driven with the value of A3:2 from the last data cycle. 


Typically, 
AD1:0 reflect the SIZE information 
of the last bus transaction 
(either 
instruction 
fetch or load/store) 
that was executed 
before entering 
Halt mode. 


ALE 
0 
ADDRESS 
LATCH 
ENABLE 
indicates 
the transfer 
of a physical 
address. 
ALE is 
R(O) 
asserted 
during a Ta cycle and deasserted 
before the beginning 
of the Td state. 
It is 
H(Z) 
active HIGH and floats to a high impedance 
state during a hold cycle (T h)' 
P(O) 


ALE 
0 
ADDRESS 
LATCH 
ENABLE 
indicates the transfer of a physical 
address. 
ALE is the 
R(1) 
inverted version of ALE. This signal gives the 80960JAlJF 
a high degree of compat- 
H(Z) 
ibility with existing 
80960Kx 
systems. 


P(1) 


ADS 
0 
ADDRESS 
STROBE 
indicates 
a valid address and the start of a new bus access. 


R(1) 
The processor 
asserts ADS for the entire Ta cycle. External bus control logic typically 
H(Z) 
samples 
ADS at the end of the cycle. 
P(1) 


A3:2 
0 
ADDRESS3:2 
comprise 
a partial demultiplexed 
address 
bus. 


R(X) 
32-bit memory 
accesses: 
the processor 
asserts address 
bits A3:2 during 
Ta' The 
H(Z) 
partial word address 
increments 
with each assertion 
of RDYRCV during a burst. 


P(Q) 
16-bit memory 
accesses: 
the processor 
asserts address 
bits A3:1 during r, with A1 
driven on the BE1 pin. The partial short word address 
increments 
with each 
assertion 
of RDYRCV during a burst. 


a·bit memory accesses: 
the processor 
asserts address bits A3:0 during Ta' with A 1:0 
driven on BE1 :0. The partial byte address 
increments 
with each assertion 
of 
RDYRCV 
during a burst. 
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BEO enables data on AD7:0 
16-bitbus: . 


BE3 becomes 
Byte High Enable (enables 
data on AD15:8) 
BE2 is not used (state is high) 
BE1 becomes 
Address 
Bit 1 (A 1) 
BEO becomes 
Byte Low Enable (enables 
data on AD7:0) 
8-bitbus: 


BE3 is not used (state is high) 
BE2 is not used (state is high) 
BE1 becomes 
Address 
Bit 1 (A1) 
BEO becomes 
Address 
Bit 0 (AO) 


The processor 
asserts byte enables, 
byte high enable and byte low enable during Ta' 


Since unaligned 
bus requests are split into separate 
bus transactions, 
these signals 
do not toggle during a burst. They remain active through the last Td cycle. 


For accesses 
to 8- and 16-bit memory, the processor 
asserts the address 
bits in 
conjunction 
with A3:2 described 
above. 


WIDTHI 
0 
WIDTHIHAL TED signals denote the physical 
memory attributes 
for a bus trans- 
HLTD1:0 
R(O) 
action: 


H(Z) 
WIDTH/HL TD1 
WIDTH/HL TDO 
P(1) 
0 
0 
8 Bits Wide 
0 
1 
16 Bits Wide 
1 
0 
32 Bits Wide 
1 
1 
Processor 
Halted 
I 


The processor 
floats the WIDTH/HL TD pins whenever 
it relinquishes 
the bus in 
response 
to a HOLD request, 
regardless 
of prior operating 
state. 


DIC 
0 
DATA/CODE 
indicates 
that a bus access iS2 data access (1) or an instruction 
P(U) 


,_~ 
_,_ 
1,_- 
•.I~~ 
__ 
•.••.•• 
_ 
.~ 
__ 
!,.... ___ 
,.,_ 


1 = data access 


WIR 
0 
WRITE/READ 
specifies, 
during a Ta cycle; whether 
the operation 
is a write (1) or 
R(O) 
read (0). It is latched on-chip 
and remains valid during Td cycles. 


H(Z) 
0= 
read 
P(Q) 
1 = write 
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Table 3. Pin Description 
- 
External 
Bus Signals 
(Sheet 3 of 4) 


NAME 
TYPE 
DESCRIPTION 


DTJR 
0 
DATA TRANSMIT 
/ RECEIVE 
indicates 
the direction 
of data transferto 
and from the 
R(O) 
address/data 
bus. It is low durin9....T.and TwlTd cycles for a read; it is high during Ta 
H(Z) 
and TwITd cycles for a write. DT/R never changes 
state when DEN is asserted. 


P(Q) 
0= receive 
1 = transmit 


DEN 
0 
DATA ENABLE 
indicates 
data transfer 
cycles during a bus access. 
DEN is asserted 
R(1) 
at the start of the first data cycle in a !Lus access and deasserted 
at the end of the 
H(Z) 
last data cycle. DEN is used with DT/R to provide control for data transceivers 
P(1) 
connected 
to the data bus. 
o = data cycle 
1 = not data cycle 


BLAST 
0 
BURST 
LAST indicates 
the last transfer 
in a bus access. 
BLAST is asserted 
in the 
R(1) 
last data transfer of burst and non-burst 
accesses. 
BLAST 
remains active as long as 
H(Z) 
wait states are inserted via the RDYRCV 
pin. BLAST becomes 
inactive after the final 
P(1) 
data transfer 
in a bus cycle. 


o = last data transfer 
1 = not last data transfer 


RDYRCV 
I 
READY/RECOVER 
indicates 
that data on AD lines can be sampled 
or removed. 
S(L) 
When 
RDYRCV is not asserted 
during a Td cycle, the Td cycle is extended 
to the 
next cycle by inserting 
a wait state (Tw). 
o = sample data 
1 = don't sample data 


The RDYRCV pin has another function 
during the recovery 
(Tr) state. The processor 
continues 
to insert additional 
recovery states until it samples 
the pin HIGH. This 
function 
gives slow extemal 
devices 
sufficient 
time to float their buffers 
before the 
processor 
begins to drive address 
again. 
o = insert wait states 
1 = recovery complete 
.!.Qgg 
I/O 
BUS LOCK 
indicates 
that an atomic read-modify-write 
operation 
is in progress. 
The 
ONCE 
S(L) 
LOCK output is asserted 
in the first clock of an atomic operation 
and deasserted 
in 


, 
R(H) 
the last data transfer of the sequence. 
The processor 
does not grant HOLDA while it 
H(Z) 
is asserting 
LOCK. This prevents 
extemal 
agents from accessing 
memory 
involved 
P(1) 
in semaphore 
operations. 
o = Atomic read-modify-write 
in progress 
1 = Atomic read-modify-write 
not in progress 


ONCE MODE: 
The processor 
samples 
the ONCE input during reset. When it is 
asserted 
LOW at the end of reset, the processor 
enters ONCE mode. In ONCE 
mode, the processor 
stops all clocks and floats all output pins. The pin has a weak 
internal 
pull up which is active during reset to ensure normal operation 
when the pin 
is left unconnected. 
o = ONCE mode enabled 
1 = ONCE mode not enabled 
IPRELIMINARY 
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Table 3. Pin Description 
- 
External 
Bus Signals 
(Sheet 4 of 4) 


NAME 
TYPE 
DESCRIPTION 


HOLD 
I 
HOLD: A request from an external 
bus master to acquire the bus. When the 
S(L) 
processor 
receives 
HOLD and grants bus control to another master, 
it asserts 
HOLDA, floats the address/data 
and control lines and enters the Th state. When 


HOLD is deasserted, 
the processor 
deasserts 
HOLDA and enters either the Tj or Ta 


. state, resuming 
control of the address/data 
and control 
lines. 
o = no hold request 
1 = hold request 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates to an external 
bus master that the processor 
has 
R(Q) 
relinquished 
control of the bus. The processor 
can grant HOLD requests 
and enter 


H(1) 
the Th state during reset and while halted as well as during regular operation. 
P(Q) 
o = hold not acknowledged 
1 = hold acknowledged 


BSTAT 
0 
BUS STATUS indicates 
that the processor 
may soon stall unless it has sufficient 


R(O) 
access to the bus; see i96rP Jx Microprocessor 
User's Guide (272483). 
Arbitration 
H(Q) 
logic can examine this signal to determine 
when an external 
bus master should 
P(O) 
acquire/relinquish 
the bus. 
o = no potential 
stall 
1 = potential 
stall 
I 


Table 4. 
Pin Description 
- 
Processor 
Control Signals, 
Test Signals 
and Power 
(Sheet 1 of 2) 


NAME 
TYPE 
DESCRIPTION 


CLKIN 
I 
CLOCK 
INPUT provides the processor's 
fundamental 
time base; both the processor 
core and the extemal 
bus run at the CLKIN rate. All input and output timings 
are 
specified 
relative to a rising CLKIN edge. 


RESET 
I 
RESET initializes 
the processor 
and clears its internal 
logic. During reset, the 
A(L) 
processor 
places the address/data 
bus and control output pins in their idle (inactive) 
states. 


During reset, the input pins are ignored with the exception 
of LOCK/ONCE, 
STEST 
and HOLD. 


The RESET pin has an internal synchronizer. 
To ensure predictable 
processor 
initial- 
ization during power up, RESET 
must be asserted 
a minimum 
of 10,000 CLKIN 
cycles with Vcc and CLKIN stable. On a warm reset, RESET should be asserted 
for 
a minimum 
of 15 cycles. 


STEST 
I 
SELF TEST enables or disables the processor's 
internal 
self-test 
feature 
at initial- 


S(L) 
ization. 
STEST is examined 
at the end of reset. When STEST is asserted, 
the 
processor 
performs 
its internal self-test 
and the external 
bus confidence 
test. When 


- 
STEST is deasserted, 
the processor 
performs 
only the external 
bus confidence 
test. 


o = self test disabled 
1 = self test enabled 
. 
i, 
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Table 4. Pin Description 
- 
Processor 
Control 
Signals, 
Test Signals 
and Power 
(Sheet 2 of 2) 


NAME 
TYPE 
DESCRIPTION 


FAIL 
0 
FAIL indicates 
a failure of the processor's 
built-in self-test 
performed 
during initial- 
R(O) 
ization. 
FAIL is asserted 
immediately 
upon reset and toggles 
during self-test 
to 
H(Q) 
indicate 
the status of individual 
tests: 
P(1) 
• When self-test 
passes, the processor 
deasserts 
FAIL and begins operation 
from 
user code . 


• When self-test fails, the processor 
asserts 
FAIL and then stops executing. 
o = self test failed 
1 = self test passed 


TCK 
I 
TEST CLOCK 
is a CPU input which provides the clocking function 
for IEEE 1149.1 
Boundary 
Scan Testing 
(JTAG). State information 
and data are clocked 
into the 
processor 
on the rising edge; data is clocked out of the processor 
on the falling 
edge. 


TDI 
I 
TEST DATA INPUT is the serial input pin for JTAG. TOI is sampled 
on the rising 
S(L) 
edge of TCK, during the SHIFT-IR 
and SHIFT-OR 
states of the Test Access 
Port. 


TOO 
0 
TEST DATA OUTPUT 
is the serial output pin for JTAG. TOO is driven on the falling 
R(Q) 
edge of TCK during the SHIFT-IR 
and SHIFT-OR 
states of the Test Access 
Port. At 
HQ) 
other times, TOO floats. TOO does not float during ONCE mode. 
P(Q) 


TRST 
I 
TEST RESET 
asynchronously 
resets the Test Access 
Port (TAP) controller 
function 
A(L) 
of IEEE 1149.1 Boundary 
Scan testing 
(JTAG). When using the Boundary 
Scan 
feature, 
connect a pulldown 
resistor between 
this pi!:! and Vss- When TAP is not 
used, this pin must be connected 
to Vss: however, 
no resistor is required. 
See 
Section 4.3, Connection 
Recommendations 
(pg. 22). 


TMS 
I 
TEST MODE SELECT 
is sampled 
at the rising edge of TCK to select the operation 


S(L) 
of the test logic for IEEE 1149.1 Boundary 
Scan testing. 


Vcc 
- 
POWER 
pins intended for external connection 
to a Vcc board plane. 


VCCPLL 
- 
PLL POWER 
is a separate 
Vcc supply pin for the phase lock loop clock generator. 
It 
is intended for external connection 
to the Vcc board plane. In noisy environments, 


add a simple bypass filter circuit to reduce noise-induced 
clock jitter and its effects 
on timing relationships. 


Vss 
- 
GROUND 
pins intended for extemal 
connection 
to a Vss board plane. 


NC 
- 
NO CONNECT 
pins. 00 not make any system connections 
to these pins. 
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Mlxea Moae: 
I ne Jl.IN I 1:0 pms act as dedicated 
sources 
and the XINT4:0 
pins 
act as the five most significant 
bits of a vectored 
source. The least 
significant 
bits of the vectored 
source are set to 0102 internally. 


Unused external 
interrupt 
pins should be connected 
to Vcc. 


NMI 
I 
NON-MASKABLE 
INTERRUPT 
causes a non-rnaskable 
interrupt 
event to occur. 


A(E) 
NMI is the highest priority, interrupt 
source and is falling edge-triggered. 
If NMI is 
unused, 
it should be connected 
to Vcc. 
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3.1.2 
80960Jx 
132-Lead 
PGA Plnout 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


P 
0 
0 0 
0 0 0 
0 
0 0 0 
0 0 0 
0 
P 


AD25 
AD22 
AD19 
AD18 
Vcc 
Vcc 
Vcc 
Vcc 
Vcc 
Vcc 
Vcc 
AD13 ADll 
ADS 


N 
0 
0 0 
0 0 
0 
0 
0 0 
0 
0 0 0 
0 
N 
AD27 
AD26 AD24 
AD20 
Vss 
vse 
Vss 
Vss 
Vss 
Vss 
Vss 
AD10 
AD7 
AD3 


M 
0 
0 0 
0 0 0 
0 
0 0 0 
0 0 0 
0 
M 


AD30 
AD29 
NC 
AD23 AD21 
AD17 
AD16 
AD15 
AD14 
AD12 
AD9 
AD8 
AD4 
ADO 


L 
.Q 
.Q. 0 
,2 £ 
0 
L 
BE2 
BE3 
AD28 
Vcc 


K 
52 
~s SJl 
,Q 2 
0 
K 
Vcc 


J 
0 
0 0 
0 0 
0 
J 
Vcc 
Vss 
BEl 
NC 
Vss 
Vcc 


H 
0 
0 
.Q 
0 0 
0 
H 
Nee 
Vss 
BEO 
VCCPll Vss 
CLKIN 


G 
2 
Pss ,Si 
Q S2 
0 
G 
Vcc 


F 
0 
9ss 
BSQ.T 
.sz..o 
0 
F 
Vcc 
RDYRCVVss 
Vcc 


E 
0 
0 0 
~o 
0 
E 
Vcc 
Vss 
DEN 
RESET Vss 
Vcc 


D 
0 
0 
D<a 
0 0 
0 
D 
Vcc 
Vss 
TDI 
Vss 
Vcc 


C 
...QO-.O...O 
0 
.Q 
0 
0 0 
.0.- ..Q. S2: 0 
0 
C 
bQQ!Sl 
HOLDA BLAST 
A3 
A2 
FAIL 
NC 
NC 
HOLD 
XINT1 XINTO TRST STEST 
NC 


B 
0(5E 
Q 0 
0 0 
0 
0 
0 0 iL..Q...Q. 0 
0 
B 
W/R 
D/C ~LIffil' TOO 
NC 
Vss 
Vss 
Vss 
Vss 
XINT6 XINT4 XINT3 TCK 
NC 


A 
0 
0 .Q 
0 0 0 
0 
0 0 0 
000 
0 
A 
ADS 
WIDTHI 
ALE 
NC 
NC 
Vcc 
Vcc 
Vcc 
Vcc 
NMI 
XINT7 XINT5 XINT2 
TMS 
HLTDl 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


- 


Figure 3. 
132-Lead 
Pin Grid Array Bottom View - Pins Facing Up 
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A 
B 
C 
0 
E 
F 
G 
H 
K 
L 
M 
N 
P 


14 
r.•.• ,....• 
r.•.•,....• 
r.•.• ,....• 
r.•.• r.•.• r.•.• ,....• 
r..•.•r.•.• r..•.•r.•.• 
14 
\..1 
'.I 
\..1 
,.I 
\..1 
\.1 
\..1 
\..1 
\..1 
\.1 
\..1 
\..1 
\..1 
\..1 


TMS 
NC 
NC 
Vcc 
VCC 
Vcc 
VCC 
CLKIN 
VCC 
Vcc 
Vcc 
ADO 
AD3 
AD6 
r.•.•,....• 
r.•.•,...• 
r.•.• r.•.• r.•.• ,....• 
r.•.• r.•.• r..•.•r.•.• r .•.• 
r.•.• 


13 
~ 
'.I 
\..1 
,.I 
\..1 
\..1 
\..1 
\.1 
\..1 
\..1 
\..1 
\..1 
\...1 
\..1 
13 


XINT2 
TCK 
STEST 
VSS 
Vss 
VSS 
Vss 
VSS 
VSS 
VSS 
ADl 
AD4 
AD7 
AD11 


12 
r'\ ,...• 
r'\ 
,....• 
r'\ 
r.•.• r.•.• r.•.• r"\ 
r.•.• r..•.•r.•.• r .•.• 
r.•.• 


12 
\.,.1 
,.I 
\.,.1 
'.I 
\.,.1 
\..1 
\..1 
\..1 
\...1 
\..1 
\..1 
\..1 
\..,.1 
\..1 
XiNTs 
XINT3 
TRST 
TOI 
RESET 
RDYRCV 
NC 
VCCPLL 
NC 
AD2 
AD5 
AD8 
AD10 
AD13 


11 
r.•.• r ...• 
r.•.• 
r.•.• r ...• ,....• 


11 
\..1 
'\..1 
\..1 
\.,.1 
\..1 
\.1 


XiNi7 
XiNi'4 XiNTo 
AD9 
Vss 
Vcc 


10 


r"\ 
r ...• 
r'\ 
r.•.• r .•.• ,...• 


10 
\...1 
'\.,.1 
\.,.1 
\..1 
\...1 
\..1 


NMI 
XINT6 
XiNfi" 
AD12 
Vss 
Vcc 


9 
,....• ,....• 
r.•.• 
,....• 
,....• 
,....• 


9 
\..1 
'.I 
\..1 
\..1 
\..1 
\..1 


Vcc 
Vss 
HOLD 
• A80960Jx 
AD14 
Vss 
Vcc 


8 
r•.• ,....• 
r.•.• 


·1 


r.•.• r..•.•r.•.• 


8 
\..J 
'.I 
\.,.1 
\..1 
\..1 
\..1 


Vcc 
VSS 
NC 
AD15 
VSS 
Vcc 


7 
r.•.• r'\ 
r'\ 
r.•.• r..•.•r.•.• 


7 
\..1 
'\.,1 
\,1 
@>@ 19xx 
M,6 
\..1 
\..1 


VCC 
VSS 
NC 
VSS 
VCC 


6 


r.•.• r ...• 
r.•.• 
,....• 
r..•.•,....• 
\..1 
'\..1 
~L 
\..1 
\..1 
\..1 
6 


Vcc 
VSS 
FAIL 
XXXXXXXXA2 
AD17 
Vss 
Vcc 


5 
r.•.• r ...• 
r"\ 
r.•.• r...• 
r.•.• 


5 
\..1 
'\..1 
\...1 
\..1 
\..1 
\..1 


NC 
NC 
A2 
AD21 
Vss 
Vcc 


4 
r.•.• r ...• 
r"\ 
,....• 
,....• 
,....• 


4 
\.,1 
'\.,.1 
'fa 
\..1 
\..1 
\..1 


NC 
TOO 
AD23 
AD20 
AD18 


3 
,....• 
r'\ 
,....• 
r ...• 
r.•.• ,....• 
r.•.• ,....• 
r.•.• ,....• 
r...• r.•.• r..•.•r.•.• 
\..1 
,,.I 
\..1 
'\..1 
\..1 
\.1 
\..1 
~ 
.:!.L 
\.1 
\..1 
\..1 
\..1 
\..1 
3 


ALE 
WIDTHI 
BLAST 
DTiFi 
'f5EN 
BSTAT 
ALE 
BEO 
BEl 
AD31 
AD28 
NC 
AD24 
AD19 
HLTOO 


2 
r.•.• r ...• 
r ...• 
r'\ 
r'\ 
r"\ 
r"\ 
r.•.• r"\ 
r.•.• r"\ 
r.•.• r..•.•r.•.• 


\..1 
'-' 
\..1 
',I 
\,1 
\.1 
'\..1 
\..1 
\,,1 
\..1 
~ 
\..1 
\..1 
\..1 
2 


WIDTH! 
D/C 
HOLDA 
VSS 
Vss 
VSS 
Vss 
Vss 
Vss 
VSS 
BE3" 
AD29 
AD26 
AD22 
HLTDl 
r'\ 
r'\ 
r'\ 
r ...• 
r"\ 
,....• 
r.•.• ,....• 
r... 
,....• 
r ...• 
r.•.• r....• 
r.•.• 


.l..L 
'.!. 
.....l..L.. 
'\..1 
\...1 
\.1 
\..1 
\..1 
\..J 
\..1 
.J...t. 
\..1 
\..1 
\..1 


ADS 
W/R 
bQQ!S{ 
VCC 
VCC 
VCC 
VCC 
Vcc 
VCC 
Vcc 
BE2 
AD30 
AD27 
AD25 
ONCE 


A 
B 
C 
0 
E' 
F 
G 
H 
K 
L 
M 
N 
p 


Figure 4. 132·Lead Pin Grid Array Top View· Pins Facing Down 
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AD3 
N14 
BE1 
J3 
VCC 
A7 
VSS 
F2 


AD4 
M13· 
BE2 
L1 
Vcc 
A8 
VSS 
F13 


AD5 
L12 
BE3 
L2 
Vcc 
A9 
VSS 
G2 


AD6 
P14 
BLAST 
C3 
Vcc 
01 
Vss 
G13 


AD7 
N13 
BSTAT 
f3 
Vcc 
014 
Vss 
H2 


AD8 
M12 
CLKIN 
H14 
Vcc 
E1 
Vss 
H13 


AD9 
M11 
D/C 
B2 
Vcc 
E14 
Vss 
J2 


AD10 
N12 
DEN 
E3 
Vcc 
F1 
Vss 
J13 


AD11 
P13 
DT/R 
03 
Vcc 
F14 
Vss 
K2 


AD12 
M10 
FAIL 
C6 
Vcc 
G1 
Vss 
K13 


AD13 
P12 
HOLD 
C9 
Vcc 
G1.4 
Vss 
N5 


AD14 
M9 
HOLDA 
C2 
Vcc 
H1 
Vss 
N6 


AD15 
M8 
LOCK/ONCE 
C1 
Vcc 
J1 
Vss 
N7 


AD16 
M7 
NC 
A4 
Vcc 
J14 
Vss 
N8 


AD17 
M6 
NC 
A5 
Vcc 
K1 
Vss 
N9 


AD18 
P4 
NC 
B5 
Vcc 
K14 
Vss 
N10 


AD19 
P3 
NC 
B14 
Vcc 
L14 
Vss 
N11 


AD20 
N4 
NC 
C7 
Vcc 
P5 
W/R 
B1 


AD21 
M5 
NC 
C8 
Vcc 
P6 
WIDTH/HL TOO 
B3 


AD22 
P2 
NC 
C14 
Vcc 
P7 
WIDTH/HL TD1 
A2 


AD23 
M4 
NC 
G12 
Vcc 
P8 
XINTO 
C11 


AD24 
N3 
NC 
J12 
VCC 
P9 
XINT1 
C10 


AD25 
P1 
NC 
M3 
Vcc 
P10 
XINT2 
A13 


AD26 
N2 
NMI 
A10 
Vcc 
P11 
XINT3 
B12 


AD27 
N1 
RDYRCV 
F12 
VCCPLL 
H12 
XINT4 
B11 


AD28 
L3 
RESET 
E12 
Vss 
B6 
XINT5 
A12 


AD29 
M2 
STEST 
C13 
Vss 
B7 
XINT6 
B10 


AD30 
M1 
TCK 
B13 
Vss 
B8 
XINT7 
A11 


NOTE: Do notconnectany externalloqlctopms marked NC (noconnectPins). 
lPRELIMINARY 
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AB 
Vcc 
C13 
STEST 
J2 
VSS 
N3 
AD24 


A9 
Vcc 
C14 
NC 
J3 
BE1 
N4 
AD20 


A10 
NMI 
01 
Vcc 
J12 
NC 
N5 
Vss 


A11 
XINT7 
02 
VSS 
J13 
VSS 
N6 
VSS 
A12 
XINT5 
03 
DT/R 
J14 
VCC 
N7 
VSS 
A13 
XINT2 
012 
TDI 
K1 
Vcc 
N8 
Vss 


A14 
TMS 
013 
Vss 
K2 
Vss 
N9 
Vss 
B1 
W/R 
014 
VCC 
K3 
AD31 
N10 
VSS 
B2 
D/C 
E1 
VCC 
K12 
AD2 
N11 
VSS 


B3 
WIDTH/HL TOO 
E2 
Vss 
K13 
Vss 
N12 
AD10 


B4 
TOO 
E3 
DEN 
K14 
Vcc 
N13 
AD7 


B5 
NC 
E12 
RESET 
L1 
BE2 
N14 
AD3 


B6 
Vss 
E13 
Vss 
L2 
BE3 
P1 
AD25 


B7 
Vss 
E14 
Vcc 
L3 
AD28 
P2 
AD22 


BB 
Vss 
F1 
Vcc 
L12 
AD5 
P3 
AD19 


B9 
Vss 
F2 
Vss 
L13 
AD1 
P4 
AD18 


B10 
XINT6 
F3 
BSTAT 
L14 
Vcc 
P5 
Vcc 
B11 
XINT4 
F12 
RDYRCV 
M1 
AD30 
P6 
Vcc 
B12 
XINT3 
F13 
Vss 
M2 
AD29 
P7 
Vcc 
B13 
TCK 
F14 
Vcc 
M3 
NC 
P8 
Vcc 
B14 
NC 
G1 
Vcc 
M4 
AD23 
P9 
Vcc 
C1 
LOCK/ONCE 
G2 
. 
Vss 
M5 
AD21 
P10 
Vcc 
C2 
HOLDA 
G3 
ALE 
M6 
AD17 
P11 
Vcc 
C3 
BLAST 
G12 
NC 
M7 
AD16 
P12 
AD13 


C4 
A3 
G13 
VSS 
M8 
AD15 
P13 
AD11 


C5 
A2 
G14 
Vcc 
M9 
AD14 
P14 
AD6 


NOTE: Do notconnectany externallogictopms marked NC (noconnectPins). 
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3.1.3 
80960Jx PQFP Pinout 


80960JAlJF 


TRST 
TCK 
TMS 


HOLD 


XINTO 
XINT1 


XINT2 


XINT3 
Vcc(I/O) 


Vss(I/O) 
XINT4 


XINT5 
XINT6 


XINT7 
NMI 


Vcc (Core) 
Vss (Core) 


. 
NC 
NC 
NC 
NC 
NC 


FAIL 


ALE 
TOO 
vcc (1/0) 


Vss(I/O) 
WIDTH/HLT01 
VcdCore) 
Vss (Core) 
WIDTH/HL 
TOO 
A2 


A3 


12. 
3 
4 
5 
6 
7 
8 
9 
10 
11 


12 


13 


14 


15 


16 
17 . 


18 


19 


20 


21 
22 


23 
24· 


25 


26 


27 
28 


29 


30 


31 
32, 
33 
~ 
~ 
&! 
!<l 


~ S S 2 a 2 § g99 


98 


97 
96 


95 


94 


93 


92 
91 
90 


89 
88 
87 


86 
85 


84 


83 


82 
81 


80 
79 


78 
77 


76 


75 


74 


73 


72 
71 


70 
69 


68 


67 


&! &! ~ 
~ 
~ e t ~& ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ $ m 6 ~ ~ 6 i m 
ffi 


infel· 


•I 


NG80960Jx 


XXXXXXXXA2 


®© 19xx 


AD9 
Vcc(l/O) 
Vss(l/O) 


AD10 


AD11 
Vcc (1/0) 
Vss(I/O) 
Vcc (Core) 
Vss (Core) 
AD12 


AD13 


AD14 


AD15 
Vcc(JIO) 
Vss (1/0) 
AD16 


AD17 


AD18 


AD19 
vcc (1/0) 


Vss(I/O) 


AD20 


AD21 


AD22 


AD23 
Vcc (Core) 
Vss (Core) 
Vcc(I/O) 
Vss (1/0) 
AD24 


AD25 
AD26 
NC 
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Figure 5. 132-Lead P,QFP~Top View 


1-185 


80960JAlJF 
infel· 


Table 8. 132-Lead PQFP Pinout -In 
Signal Order 


Signal 
Pin 
Signal 
Pin 
Signal. 
Pin 
Signal 
Pin 


AD31 
60 
ALE 
24 
Vcc (Core) 
47 
Vss (I/O) 
10 


AD30 
61 
ADS 
36, 
Vcc (Core) 
59 
Vss (110) 
27 


AD29 
62 
A3 
33 
Vcc (Core) 
74 
Vss (I/O) 
40 


AD28 
63 
A2 
32 
Vcc (Core) 
92 
Vss (110) 
48 


AD27 
66 
BE3 
55 
Vcc (Core) 
113 
Vss(1I0) 
56 


AD26 
68 
BE2 
54 
Vcc (Core) 
115 
Vss (110) 
64 


AD25 
69 
BE1 
53 
Vcc(Core) 
1?3 
Vss (110) 
71 


AD24 
70 
BEO 
52 
Vcc(1I0) 
9 
Vss (110) 
79 


AD23 
75 
WIDTH/HL TD1 
28 
Vcc(1I0) 
26 
Vss (I/O) 
85 


AD22 
76 
WIDTHIHL TOO 
31 
Vcc(1I0) 
41 
Vss (I/O) 
93 


AD21 
77 
D/C 
35 
Vcc(1I0) 
49 
Vss(1I0) 
97 


AD20 
78 
W/R 
37 
Vcc(1I0) 
57 
Vss (110) 
106 


AD19 
81 
DT/R 
42 
. Vcc (110) 
65 
Vss (I/O) 
112 


AD18 
82 
DEN 
43 
Vcc(1I0) 
72· 
Vss (I/O) 
131 


AD17 
83 
BLAST 
34 
Vcc(1I0) 
80 
NC 
18 


AD16 
84 
RDYRCV 
132 
Vcc(1I0) 
86 
NC 
19 


AD15 
87 
LOCK/ONCE 
50 
Vcc(1I0) 
94 
NC 
20 


AD14 
88 
HOLD 
4 
Vcc (I/O) 
98 
NC 
21 


AD13 
89 
HOLDA 
44 
Vcc(1I0) 
105 
NC 
22 


AD12 
90 
BSTAT 
51 
Vcc(1I0) 
111 
NC 
67 


AD11 
95 
CLKiN 
117 
Vcc(1I0) 
129 
NC 
121 


AD10 
96 
RESET 
125 
VCCPLL 
119 
NC 
122 


. AD9 
99 
STEST 
128 
Vss (CLK) 
118 
NC 
126 


AD8 
100 
FAIL 
23 
Vss (Core) 
17 
NC 
127· 


AD7 
101 
TCK 
2 
Vss (Core) 
30 
XINT7 
14 


AD6 
102 
TDI 
130 
Vss (Core) 
38 
XINT6 
13 


ADS 
103 
TOO 
25 
Vss (Core) 
46 
XINT5 
12 


AD4 
104 
TRST 
1 
Vss (Core) 
58 
XINT4 
11 


AD3 
107 
TMS 
3 
Vss (Core) 
73 
XINT3 
8 


AD2 
108 
Vcc (CLK) 
120 
Vss (Core) 
91 
XINT2 
7 


AD1 
109 
Vcc (Core) 
16 
Vss (Core) 
114 
XINT1 
6 


ADO 
110 
Vcc (Core) 
29 
Vss (Core) 
116 
XINTO 
5 


ALE 
45 
Vcc (Core) 
39 
Vss (Core) 
124 
NMI 
15 


NOTE: Do not connect 
any external 
logic to pms marked NC (no connect 
Pins). 
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Table 9. 132-Lead 
PQFP Pin out -In 
Pin Order 


80960JAlJF 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


1 
TRST 
34 
BLAST 
67 
NC 
100 
AD8 


2 
TCK 
35 
D/C 
68 
AD26 
101 
AD7 


3 
TMS 
36 
ADS 
69 
AD25 
102 
AD6 


4 
HOLD 
37 
WIR 
70 
AD24 
103 
AD5 


5 
XINTO 
38 
"ss 
(Core) 
71 
Vss (I/O) 
104 
AD4 


6 
XINT1 
39 
Vcc (Core) 
72 
Vcc (I/O) 
105 
Vcc (I/O) 


7 
XINT2 
40 
Vss (I/O) 
73 
Vss (Core) 
106 
Vss (I/O) 


8 
XINT3 
41 
Vcc(I/O) 
74 
Vcc (Core) 
107 
AD3 


9 
Vcc(I/O) 
42 
DT/R 
75 
AD23 
108 
AD2 


10 
Vss (I/O) 
43 
DEN 
76 
AD22 
109 
AD1 


11 
XINT4 
44 
HOlDA 
77 
AD21 
110 
ADO 


12 
XINT5 
45 
ALE 
78 
AD20 
111 
Vcc (I/O) 


13 
XINT6 
46 
Vss (Core) 
79 
Vss (I/O) 
112 
Vss (I/O) 


14 
XINT7 
47 
VcdCore) 
80 
Vcc(I/O) 
113 
Vcc (Core) 


15 
NMI 
48 
Vss (I/O) 
81 
AD19 
114 
Vss (Core) 


16 
VcdCore) 
49 
Vcc (I/O) 
82 
AD18 
115 
Vcc (Core) 


"17 
Vss (Core) 
50 
lOCK/ONCE 
83 
AD17 
116 
Vss (Core) 


18 
NC 
51 
BSTAT 
84 
AD16 
117 
ClKIN 


19 
NC 
52 
BEO 
85 
Vss (I/O) 
118 
Vss (ClK) 


20 
NC 
53 
BE1 
86 
Vcdl/O) 
119 
VCCPll 


21 
NC 
54 
BE2 
87 
AD15 
120 
Vcc (ClK) 


22 
NC 
55 
BE3 
88 
AD14 
121 
NC 


23 
FAil 
56 
Vss (I/O) 
89 
AD13 
122 
NC 


24 
ALE 
57 
Vcc (I/O) 
90 
AD12 
123 
Vcc (Core) 


25 
TDO 
58 
Vss (Core) 
91 
Vss (Core) 
124 
Vss (Core) 


26 
Nee (I/O) 
59 
VcdCore) 
92 
Vcc (Core) 
125 
RESET 


27 
Vss (I/O) 
60 
AD31 
93 
Vss (I/O) 
126 
NC 


28 
WIDTHlHl 
TD1 
61 
AD30 
94 
Vcc(I/O) 
127 
NC 


29 
Vcc(Core) 
62 
AD29 
95 
AD11 
128 
STEST 


30 
Vss (Core) 
63 
AD28 
96 
AD10 
129 
Vcc (110) 


31 
WIDTHlHl 
TDO 
64 
Vss (I/O) 
97 
Vss (I/O) 
130 
TDI 


32 
A2 
65 
Vcc (I/O) 
98 
Vcc (I/O) 
131 
Vss (I/O) 


33 
A3 
66 
AD27 
99 
AD9 
132 
RDYRCV 


NOTE: 
Do not connect 
any external 
logic to pins marked NC (no connect 
Pins). 
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VCA 
I" 
LlI'CI lIlOllllQI 
'OO)IO)\QII""OIIUIII 
f.id:>tf LU i::UJlUlenl. 
Use 
the 
following 
equation 
to 
calculate 
TA, 
the 
maximum 
ambient 
temperature 
to 
conform 
to 
a 
particular 
case temperature: 


TA = TC - P (SCA) 


Compute 
P by multiplying 
Icc 
from 
Table 
14 and 
Vcc. Values for SJCand SCA are given in Table 10 for 
the 
PGA 
package 
and 
Table 
11 
for 
the 
PQFP 
package. 
For high speed 
operation, 
the processor's 
SJA may 
be 
significantly 
reduced 
by 
adding 
a 
heatsink 
and/or by increasing 
airflow. 


Table 
10. 132-Lead 
PGA Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·C/Watt 


- 
Airflow 
- 
ft.lmin 
(m/sec) 


Parameter 
0 
200 
400 
600 
800 
1000 


- 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.08) 


SJC(Junction-to-Case) 
3 
3 
3 
3 
3 
3 


SCA(Case-to-Ambient) (No Heatsink) 
18 
15 
12 
11 
11 
11 


SeA(case-to-Arnbtent) (Omnidirectional Heatsink) 
15 
12 
9 
8 
8 
8 


SCA(case- to-Ambient) (Unidirectional Heatsink) 
14 
11 
8 
7 
7 
7 


8JA 
tSCA 
t 
8JC 
I .•. 
""" 


8J·PIN I 
J 
1 SJ·CAP 


~ 
~I~ 


NOTES. 


1. 
This table applies to a PGA device plugged into a socket or soldered 
directly 
into a board. 


2. 
SJA = 8JC + SCA 
3. 
SJ-CAP = 4°CN! (approx.) 
4. 
8J-PIN = 4°CN! (inner pins) (approx.) 
5. 
8J-PIN = 8°CN! (outer pins) (approx.) 
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Table 
11. 
132-Lead 
PQFP Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·ClWatt 
.. . 


Airflow 
- 
ftJmin 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 
(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


6JC (Junction-to-Case) 
6 
7 
7 
7 
7 
7 
7 


6CA (Case-to-Ambient; 
No Heatsink) 
23 
20 
18 
14 
10 
9 
8 


NOTES: 
1. 
This table applies to a PQFP device soldered 
directly 
into board. 
2. 
6JA = 6JC + 8CA 
3. 
6JL = 18°C/W 
(approx.) 
4. 
6JB = 18°C/W (approx.) 
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4:0 
ELECTRICAL SPECIFICATIONS 


4.1 
Absolute 
Maximum Ratings 


Parameter 
1 Maximum Rating 


Storage Temperature-65'C 
to +150' C 


Case Temperature Under Bias-65' C to +110' C 


Supply Voltage wrt. Vss-0.5V to + 4.6V 


Voltage on Other Pins wrt. Vss-O.5V to Vcc + 0.5V 


intel· 


NOTICE: 
This data sheet contains preliminary informa- 
tion en new products in production. The specifications are 
subject to change without notice. 


WARNING: 
Stressing 
the 
device 
beyond 
the 


"Absolute Maximum Ratings" may cause perma- 
nent damage. These are stress ratings only. Oper- 
ation beyond the "Operating Conditions" is not 
recommended and extended exposure beyond the 
"Operating Conditions" may affect device reliability. 


4.2 
Operating Conditions 


Table 
12. 
80960JAlJF 
Operating 
Conditions 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


Vcc 
Supply Voltage 


80960JAlJF-33 
4.75 
5.25 
V 
80960JAlJF-25 
4.75 
5.25 
80960JAlJF-16 
4.75 
5.25 


fCLKIN 
Input Clock Frequency 


80960JAlJF-33 
8 
33.33 
MHz 
80960JAlJF-25 . 
8 
25 
80960JAlJF-16 
8 
16.67 


Te 
Operating 
Case Temperature 


A80960JAlJF-33 
(132 PGA) 
0 
100 
DC 


A80960JAlJF-25 
(132 PGA) 
0 
100 
A80960JAlJF-16 
(132 PGA) 
0 
100 


NG80960JAlJF-33 
(132 PQFP) 
O· 
100 
NG80960JAlJF-25 
(132 PQFP) 
0 
100 
NG80960JAlJF-16 
(132 PQFP) 
0 
100 


4.3 
Connection 
Recommendations 


For clean 
on-chip 
power 
distribution, 
Vee 
and Vss 
pins 
separately 
feed 
the 
device's 
functional 
units. 
Power and ground 
connections 
must be made to all . 


80960JAlJF 
power 
and ground 
pins. 
On the circuit 
board, 
every 
Nee 
pin should 
connect 
to a power 
plane and every Vss pin should connect 
to a ground 
plane. 
Place liberal decoupling 
capacitance 
near the 
80960JAlJF, 
since 
the 
processor 
can 
cause 
transient 
power surges. 
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Pay special attention to the Test Reset (TRST) 
pin. It 
is 
essential 
that 
the 
JTAG 
Boundary 
Scan 
Test 
Access 
Port (TAP) 
controller 
initializes 
to a known 
state 
whether 
it will 
be used 
or not. 
If the 
JTAG 


Boundary 
Scan 
function 
will 
be 
used, 
connect 
a 
pulldown 
resistor 
between 
the TRST 
pin and Vss- If 
the JTAG 
Boundary 
Scan function 
will not be used 
(even for board-level 
testing), 
connect 
the TRST 
pin 


to Vss. Also, do not connect 
the TDI, TDO, and TCK 


pins if the TAP Controller 
will not be used. 


Pins 
identified 
as NC must 
not 
be connected 
in 
the system. 
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4.4 
DC Specifications 


Table 13. 80960JAlJF 
DC Characteristics 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Notes 


VIL 
Input Low Voltage 
-0.3 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.3 
V 


VOL 
Output 
Low Voltage 
. 
0.45 
V 
IOL = 5 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -1 mA 


Vcc - 0.5 
IOH= -200 !lA 


VOLP 
Output 
Ground 
Bounce 
< 0.8 
V 
(1.2) 


CIN 
Input Capacitance 
fCLKIN = fMIN (2) 
PGA 
12 
pF 
POFP 
10 


COUT 
1/0 or Output Capacitance 
fCLKIN = fMIN (2) 
PGA 
12 
pF 
PO FP 
10 


CCLK 
CLKIN Capacitance 
fCLKIN = fMIN (2) 
PGA 
12 
pF 
PO FP 
J. 
10 


NOTES: 


1. 
Typical 
is measured 
with Vcc = 5.0V and temperature 
= 25°C. 
2. 
Not tested. 


Table 14. 80960JAlJF Ice Characteristics 
(Sheet 
1 of 2) 


Symbol 
Parameter 
Typ 
Max 
Units 
Notes 


III 1 
Input Leakage 
Current for 
±1 
!lA 
o ~VIN ~Vcc 
each pin except TCK. TOI. 
TRST andTMS 


ILl2 
Input Leakage 
Current for 
-140 
-250 
!lA 
VIN =0.45V 
(1) 
TCK. TOI. TRST and TMS 


ILO 
Output Leak.age Current 
± 1 
!lA 
0.4$ 
VOUT$ Vcc 


'cc Active 
80960JAlJF-33 
515 
mA 
(2.3) 
(Power Supply) 
80960JAlJF-25 
390 
(2.3) 


80960JAlJF-16 
245 
(2.3) 


lee Active 
80960JAlJF-33 
420 
mA 
(2.4) 
(Thermal) 
80960JAlJF-25 
325 
(2,4) 


80960JAlJF-16 
205 
(2,4) 
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Table 
14. 80960JAlJF 
Icc Characteristics 
(Sheet 2 of 2) 


Symbol 
Parameter 
Typ 
Max 
Units 
Notes 


lee Test 
Reset mode 
(Power 
modes) 
80960JAlJF-33 
380 
mA 
(5) 


80960JAlJF-25 
300 
(5) 


80960JAlJF-16 
210 
(5) 


Halt mode 


80960JAlJF-33 
40 
(5) 


80960JAlJF-25 
30 
(5) 


III 
80960JAlJF-16 
20 
(5) 


ONCE mode 
10 
(5) 


NOTES: 


1. 
These pins have internal 
pullup devices. Typical 
leakage current is not tested. 


2. 
Measured 
with device operating 
and outputs loaded to the test condition 
in Figure 6, AC Test Load (pg .. 


32). 
3. 
Icc Active 
(Power 
Supply) 
value is provided 
for selecting 
your system's 
power 
supply. 
It is measured 
using one of the worst case instruction 
mixes with vcc = 5.3V. This parameter 
is characterized 
but not 


tested. 


4. 
lee Active (Thermal) 
value is provided for your system's 
thermal 
management. 
Typical 
lee is measured 
with Vcc = 5.0V and temperature 
= 25° C. This parameter 
is characterized 
but not tested. 


5. 
lee Test (Power modes) refers to the Ice values that are tested when the 80960JAlJF 
is in Reset mode, 


Halt mode or ONCE mode with VCC = 5.3V. 
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TcS 
CLKIN Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN High Time 
12 
ns 
Measured 
at 1.5 V (1) 


TCL 
CLKIN Low Time 
12 
ns 
Measured 
at 1.5 V (1) 


TCR 
CLKIN 
Rise Time 
4 
ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN 
Fall Time 
4 
ns 
2.0 V to 0.8 V (1) 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


TOV1 
Output Valid Delay, Except 
3.5 
15 
ns 
(3) 
ALE/ALE 
Inactive 
and DT/R 


TOV2 
Output Valid Delay, DT/R 
0.5Tc +3.5 
0.5Tc+15 
ns 


TOF 
Output 
Float Delay 
3.5 
13 
ns 
(4) 


SYNCHRONOUS 
INPUT TIMINGS 


T'Sl 
Input Setup to CLKIN - 
AD31 :0, 
6 
ns 
(5) 
NMI, XINT7:0 


T'H1 
Input Hold from CLKIN - 
2 
ns 
(5) 
AD31:0, 
NMI, XINT7:0 


T'S2 
Input Setup to CLKIN - 
7.5 
ns 
(6) 
RDYRCV 
and HOLD 


T'H2 
Input Hold from CLKIN - 
1 
ns 
(6) 
RDYRCV 
and HOLD 


T'S3 
Input Setup to CLKIN - 
RESET 
6 
ns 
(7) 


T'H3 
Input Hold from CLKIN - 
RESET 
2 
ns 
(7) 


T'S4 
Input Setup to RESET - 
ONCE, 
6 
ns 
(8) 
STEST 


T'H4 
Input Hold from RESET - 
2 
ns 
(8) 
ONCE, 
STEST 


NOTE: 
See Table 16 on page 27 for note defInitIons 
for this table. 
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Table 
15. 80960JAlJF 
AC Characteristics 
(33 MHz) (Sheet 2 of 2) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


RELATIVE 
OUTPUT 
TIMINGS 


TLXL 
ALE/ALE 
Width 
(9) 


TLXA 
Address 
Hold from ALE/ALE 
o.sr; -7 
ns 
Equal Loading 
(9) 


inactive 


Toxo 
OT/R Valid to DEN Active 
Equal Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TesF 
TCK Frequency 
0.5TF 
MHz 


TescH 
TCK High Time 
15 
ns 
Measured 
at 1.5 V (1) 


TescL 
TCK Low Time 
15 
ns 
Measured 
at 1.5 V (1) 


TescR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TescF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


Tests: 
Input Setup to TCK - 
TOI. TMS 
4 
ns 


TesIH1 
Input Hold from TCK - 
TOI. TMS 
6 
ns 


Tesov1 
TOO Valid Delay 
3 
30 
ns 
(1.10) 


Tesos: 
TOO Float Delay 
3 
30 
ns 
(1. 10) 


Tasova 
All Outputs (Non-Test) 
Valid 
3 
30 
ns 
(1. 10) 
Delay 


Tasora 
All Outputs 
(Non-Test) 
Float 
3 
30 
ns 
(1.10) 
Delay 


TesIS2 
Input Setup to TCK - 
All Inputs 
4 
ns 
(Non-Test) 


TesIH2 
Input Hold from TCK - 
All Inputs' 
6 
ns 
(Non-Test) 
, 


.. 
NOTE: 
See Table 16 on page 27 for note definitIOns for thiS table . 
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Table 16. 
Note Definitions 
for Table 
15, B0960JAlJF 
AC Characteristics 
(33 MHz) (pg. 25) 


NOTES: 


1. 
Not tested. 


2. 
To ensure 
a 1:1 relationship 
between 
tl1e amplitude 
of the input jitter and the internal 
clock, 
the jitter 
frequency 
spectrum 
should 
not 
have 
any 
power 
peaking 
between 
500 
KHz 
and 
1/3 of the 
CLKIN 


frequency. 


3. 
Inactive 
ALE/ALE 
refers to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 


timings, 
refer to Relative Output Timings 
in this table. 


4. 
A float condition 
occurs when the output current becomes 
less than ILQ. Float delay is not tested, 
but is 
designed 
to ~e no longer than the valid delay. 


5. 
AD31:0 
are synchronous 
inputs. Setup and hold times must be met for proper processor 
operation. 
NMI 
and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting~up 
and hold time guarantees 
recog- 
nition at a particular 
clock edge. For asynchronous 
operation, 
NMI and XINT7:0 
must be asserted 
for a 


minimum 
of two CLKIN periods to guarantee 
recognition. 
. 


6. 
RDYRCV 
and HOLD are synchronous 
inputs. 
Setup and hold times must be met for proper 
processor 


operation. 


7. 
RESET may be synchronous 
or asynchronous. 
Meeting setup and hold time guarantees 
recognition 
at a 


particular 
clock edge. 


8. 
ONCE and STEST 
must be stable at the rising edge of RESET for proper operation. 


9. 
Guaranteed 
by design. 
May not be 100% tested. 


10. Relative 
to falling edge of TCK. 


Table 
17. 
B0960JAlJF 
AC Characteristics 
(25 MHz) (Sheet 
1 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


INPUT CLOCK 
TIMINGS 


TF 
CLKIN Frequency 
8 
25 
MHz 


Tc 
CLKIN Period 
. 
40 
62.5 
ns 


Tcs 
CLKIN Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN High Time 
16 
ns 
Measured 
at 1.5 V 
(1) 


TCL 
CLKIN Low Time 
16 
ns 
Measured 
at 1.5 V 
(1) 


TCR 
CLKIN Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


Tov, 
Output Valid Delay, Except 
3.5 
17 
ns 
(3) 
ALE/ALE 
Inactive and DT/R 


TOV2 
Output Valid Delay, DT/R 
0.5Tc + 3.5 
0.5Tc +17 
ns 


TOF 
Output Float Delay 
3.5 
15 
ns 
(4) 
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Table 17. 80960JAlJF 
AC Characteristics 
(25 MHz) (Sheet 2 of 3) 


Symbol 
Parameter 
Min 
Max 
umts 
Notes 


S.YNCHRONOUS 
INPUT TIMINGS 


T1S1 
Input Setup to CLKIN - 
AD31 :0, 
8 
ns 
(5) 
NMI, XINT7:0 


TIH1 
Input Hold from CLKIN - 
AD31 :0, 
2 
ns 
(5) 
NMI, XINT7:0 


T1S2 
Input Setup to CLKIN - 
RDYRCV 
8 
ns 
(6) 


and HOLD 


TIH2 
Input Hold from CLKIN- 
1 
ns 
(6) 
RDYRCV 
and HOLD 


T1S3 
Input Setup to CLKIN - 
RESET 
8 
ns 
(7) 


T1H3 
Input Hold from CLKIN.- 
RESET 
2 
ns 
(7) 


T1S4 
Input Setup to RESET - 
ONCE, 
8 
ns 
(8) 
STEST 


TIH4 
Input Hold from RESET - 
ONCE, 
2 
ns 
(8) 
STEST 


RELATIVE 
OUTPUT TIMINGS 


TLXL 
ALE! ALE Width 
(9) 


TLXA 
Address 
Hold from ALE!ALE 
lnac- 
0.5Tc - 7.5 
ns 
Equal Loading 
(9) 
tive 


Toxo 
DTIR Valid to DEN Active 
Equal Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TBSF 
TCK Frequency 
0.5TF 
MHz 


TBSCH 
TCK High Time 
15 
ns 
Measured 
at 1.5 V 
(1) 


TBSCL 
TCKLowTime 
15 
ns 
Measured 
at 1.5 V 
(1) 


TBSCR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TBSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TBSIS1 
Input Setup to TCK - 
TDI, TMS 
4 
ns 


TBSIH1 
Input Hold from TCK - 
TDI, TMS 
6 
ns 


TBSOV1 
TOO Valid Delay 
3 
30 
ns 
(1,10) 


TBSOF1 
TOO Float Delay 
3 
30 
ns 
(1,10) 
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Table 
17. 
80960JAlJF 
AC Characteristics 
(25' MHz) (Sheet 3 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TBSOV2 
All Outputs (Non-Test) 
Valid Delay 
3 
30 
ns 
,(1,10) 


TBSOF2 
All Outputs 
(Non-Test) 
Float Delay 
3 
30 
ns 
(1, 10) 


TBSIS2 
Input Setup to TCK - 
All Inputs 
4 
ns 
(Non-Test) 


TBSIH2 
Input Hold from TCK - 
All Inputs 
6 
ns 
(Non-Test) 


NOTES: 


1. 
Not tested. 


2. 
To ensure 
a 1:1 relationship 
between 
the amplitude 
of the input jitter and the intemal 
clock, 
the jitter 
frequency 
spectrum 
should 
not have 
any 
power 
peaking 
between 
500 
KHz 
and 
1/3 of the 
CLKIN 
frequency. 
3. 
Inactive 
ALE/ALE 
refers to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 
timings, 
refer to Relative 
Output Timings 
in this table. 


4. 
A float condition 
occurs when the output current becomes 
less than ILo. Float delay is not tested, 
but is 
designed 
to be no greater than the valid delay. 
5. 
AD31:0 
are synchronous 
inputs. Setup and hold times must be met for proper processor 
operation. 
NMI 
and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting 
setup and hold time 
guarantees 
recog- 
nition at a particular 
clock edge. For asynchronous 
operation, 
NMI and XINT7:0 
must be asserted 
for a 
minimum 
of two CLKIN periods to guarantee 
recognition .. 
6. 
RDYRCV 
and HOLD are synchronous 
inputs. 
Setup and hold times must be met for proper 
processor 
operation. 
7. 
RESET may be synchronous 
or asynchronous. 
Meeting setup and hold time guarantees 
recognition 
at a 
particular 
clock edge. 
8. 
ONCE and STEST 
must be stable at the rising edge of RESET for proper operation. 
9. 
Guaranteed 
by design. 
May not be 100% tested. 


10. Relative 
to falling edge of TCK. 


Table 18. 
80960JAlJF 
AC Characteristics 
(16 MHz) (Sheet 
1 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


INPUT CLOCK 
TIMINGS 


TF 
CLKIN Frequency 
8 
16.67 
MHz 


Tc 
CLKIN Period 


', 
60 
62.5 
ns 


Tcs 
CLKIN Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN High Time 
24 
ns 
Measured 
at 1.5 V 
(1) 


TCL 
CLKIN Low Time 
24 
ns 
Measured 
at 1.5 V 
(1) 


TCR 
CLKIN 
Rise Time 
8 
ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN Fall Time 
8 
ns 
2.0 V to 0.8 V (1) 
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Table 18. 80960JAlJF 
AC Characteristics 
(16 MHz) (Sheet 2 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


TOVl 
Output Valid Delay, Except 
3.5 
18 
ns 
(3) 
ALE!ALE 
Inactive and DTIR 


TOV2 
Output Valid Delay, DTIR 
0.5Tc + 3.5 
0.5T C +18 
ns 


TOF 
Output 
Float Delay 
3.5 
16 
ns 
(4) 


SYNCHRONOUS 
INPUT TIMINGS 


T1S1 
Input Setup to CLKIN - 
AD31 :0, 
8 
ns 
(5) 
NMI, XINT7:0 


TIHl 
Input Hold from CLKIN - 
2 
ns 
(5) 
AD31 :0, NMI, XINT7:0 


T1S2 
Input Setup to CLKIN - 
8 
ns 
(6) 
RDYRCV 
and HOLD 


TIH2 
Input Hold from CLKIN - 
1 
ns 
(6) 
RDYRCV 
and HOLD 


T1S3 
Input Setup to CLKIN - 
RESET 
8 
ns 
(7) 


T1H3 
Input Hold from CLKIN - 
2 
ns 
(7) 
RESET 
~ 


T1S4 
Input Setup to RESET - 
ONCE, 
8 
ns 
(8) 
STEST 


TIH4 
Input Hold from RESET - 
2 
ns 
(8) 
ONCE, 
STEST 


RELATIVE 
OUTPUT 
TIMINGS 


TlXl 
ALE! ALE Width 
(9) 


T'LXA 
Address 
Hold from ALE! ALE 
Equal Loading 
(9) 


Inactive 
0.5Tc·8 
ns 


TDXD 
DTIR Valid to DEN Active 
Equal Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TBSF 
TCK Frequency 
0.5TF 
MHz 


TBSCH 
TCK High Time 
15 
ns 
Measured 
at 1.5 V 
(1) 


TBSCl 
TCKLowTime 
15 
ns 
Measured 
at 1.5 V 
(1) 


TBSCR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TBSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TBSISl 
Input Setup to TCK - 
TDI, TMS 
4 
ns 
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TBSOV2 
All Outputs (Non-Test) 
Valid 
3 
1- 
• 
30 
ns 
(1,10) 
Delay 


TBSOF2 
All Outputs 
(Non-TestlFloat 
3 
36 
ns 
(1,10) 
Delay 


TBSIS2 
Input Setup to TCK - 
All Inputs 
4 
ns 
(Non-Test) 


TBSIH2 
Input Hold from TCK - 
All Inputs 
6 
ns 
(Non-Test) 


NOTES: 
1. 
Nottested. 
2. 
To ensure 
a 1:1 relationship 
between 
the amplitude 
of the input jitterand 
the internal 
clock, 
the jitter 
frequency 
spectrum 
should 
not have 
any power 
peaking 
between 
500 
KHz and 
1/3 of the 
CLKIN 
frequency. 
. 


3. 
Inactive 
ALE/ALE 
refers to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 
timings, 
refer to Relative Output Timings 
in this table. 
4. 
A float condition 
occurs when the output current becomes 
less than ILO' Float delay is not tested, 
but is 
designed 
to be no greater than the valid delay. 
5. 
AD31:0 
are synchronous 
inputs. Setup and hold times must be met for proper processor 
operation. 
NMI 
and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting~up 
and hold time guarantees 
recog- 
nition at a particular 
clock edge. For asynchronous 
operation, 
NMI and XINT7:0 
must be asserted 
for a 
minimum 
of two CLKIN periods to guarantee 
recognition. 
6. 
RDYRCV 
and HOLD are synchronous 
inputs. 
Setup and hold times must be met for proper 
processor 
operation. 
7. 
RESET may be synchronous 
or asynchronous. 
Meeting setup and hold time guarantees 
recognition 
at a 
particular 
clock edge. 
8. 
ONCE and STEST must be stable at the rising edge of RESET for proper operation. 
9. 
Guaranteed 
by design. 
May not be 100% tested. 


10. Relative 
to falling edge of TCK. 
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4.5.1 
AC.Test Conditions and Derating Curves 


The AC Specifications.in Section 4.5, AC Specifications 
are tested with the 50 pF load indicated in Figure 6. 


Figure 7 shows how timings vary with load capacitance; Figure 8 shows how output rise and fall times vary with 
load capacitance. 
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Figure 6. AC Test Load 
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Figure 7_ Output Delay or Hold vs. Load Capacitance 
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Figure 8. Rise and Fall Time Derating 


4.5.2 
AC Timing Waveforms 
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Figure 9. CLKIN Waveform 
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Figure 10. Output Delay Waveform 
for TOV1 
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Figure 11. Output Float Waveform 
for TOF 
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Figure 12. Input Setup and Hold Waveform for TIS1 and TIH1 
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Figure 13. Input Setup and Hold Waveform for TIS2 and TIH2 
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Figure 14. Input Setup and Hold Waveform for TIS3 and T1H3 
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Figure 15. Input Setup and Hold Waveform for TIS4 and TIH4 
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Figure 16. Relative Timings 
Waveform 
for TLXL and T LXA 


CLKIN 
[ 


DT/R 
[ 


BEN 
[ 


J PRELIMINARY 


1.5V 


Valid 


1TOV1 


Figure 17. 
DT/R and DEN Timings 
Waveform 


1-205 


80960JAlJF 
infel· . 


4- 
TBSCF 


- 
- 
- 
2.0V 


1.5V 


• 
- 
- 
. 
O.8V 


Figure 18. TCK Waveform 
• 


1-206 


TCK [ 
1.5V 


TBStS' 


TMS [ 
TOI 


Figure 19. Input Setup and Hold Waveforms for TBSIS1and TBSIH1 
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Figure 
20. 
Output 
Delay and Output 
Float Waveform 
for TBSOV1 AND TBSOF1 
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Figure 
21. 
Output 
Delay and Output 
Float Waveform 
for TBSOV2 and T BSOF2 
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Figure 
22. 
Input 
Setup 
and Hold Waveform 
for TBSIS2 and TBSIH2 
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5.0 
BUS FUNCTIONAL 
WAVEFORMS 


Figures 23 through 28 illustrate typical 80960JAlJF bus transactions. i=igure 29 depicts the bus arbitration 
sequence. Figure 30 illustrates the processor reset sequence from the time power is applied to the device. 
Figure 31 illustrates the processor reset sequence when the processor is in operation. Figure 32 illustrates the 
processor ONCE sequence from the time power is applied to the'device. 
Figures 33 and 34 also show 


accesses on 32-bit buses. Tables 19 through 22 summarize all possible combinations of bus accesses across 
8-,16-, and 32-bit buses according to data alignment. 


BE3:0 
[ 
: \:) 
: \: 
) 


WIDTH1:0 [:1 ><: 
: >< .: : : 


Die [ 
)---,-----,----,--....,...........1 


I 


wiR [ :\ 


BLAST 
[ 
I 
I 
I 


DTiR 
[ T\: 


DEN 
[ 


RDYRCV 
[ 
I: 


I 
I 


\ :11: \ 
:: 
\: I1 :\:,~ 
) 
F_JF030A 


Figure 23. Non-Burst 
Read and Write Transactions 
Without 
Wait States, 32-Bit Bus 
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Mode, 
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Table 20. Summary of Byte Load and Store Accesses 


Address Offset from 
Accesses on 8·Blt Bus 
Accesses on 16·Blt Bus 
Accesses on 32·Bit Bus 
Natural Boundary 
(WIDTH1:0=00) 
(WIDTH1:0=01) 
(WIDTH1:0=10) 
(In Bytes) 


+0 (aligned) 
• byte access 
• byte access 
• byte access 


Table 21. Summary of Short Word Load and Store Accesses 


Address Offset from 
Accesses on 8·Blt Bus 
Accesses on 16·Blt Bus 
Accesses on 32·Blt Bus 
Natural Boundary 
(WIDTH1:0=00) 
(WIDTH1:0=01) 
(WIDTH1:0=10) 
(In Bytes) 


+0 (aligned) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 


+1 
- 
• 2 byte accesses 
• 2 byte accesses 
• 2 byte accesses 
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Table 22. 
Summary 
of n-Word 
Load and Store 
Accesses 
(n = 1. 2. 3. 4) 


Address 
Offset 
Accesses 
on 8-Blt 
Bus 
Accesses 
on 16-Blt 
Bus 
Accesses 
on 32-Blt 
from 
Natural 
(WIDTH1 :0::00) 
(WIDTH1 :0::01) 
Bus (WIDTH1 :0::10) 
Boundary 
In Bytes 


+0 (aligned) 
• n burst(s) of 4 bytes 
• case n=1: 
• burst of n word(s) 


(n=1, 
2, 3, 4) 
burst of 2 short words 


• case n=2: 
burst of 4 short words 


• case n=3: 
, 


burst of 4 short words 
burst of 2 short words 
• case n=4: 
2 bursts of 4 short words 


+1 (n=1, 
2, 3, 4) 
• byte access 
• byte access 
• byte access 
+5 (n = 2, 3,4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+9 (n= 
3,4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst(s) of 2 short words 
• n-1 word access(es) 
+13(n=3,4) 
• byte access 
• byte access 
• byte access 


+2 (n=1, 
2, 3, 4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 


+6 (n= 
2, 3, 4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst(s) of 2 short words 
• n-1 word access(es) 
+10(n=3,4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+14(n=3,4) 


+3 (n =1,2,3,4) 
• byte access 
• 
byte access 
• byte access 
+7 (n= 
2,3,4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst(s) of 2 short words 
• n-1 word access(es) 


+11 (n = 3, 4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access . 


+15(n=3,4) 
• byte access 
• byte access 
• byte access 


+4 (n = 2, 3, 4) 
• n burst(s) of 4 bytes 
• n burst(s) of 2 short words 
• n word access(es) 
+8 (n= 
3, 4) 
+12(n=3,4) 
- 
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Figure 33. Summary of Aligned and Unaligned Accesses (32-Bit Bus) 


1-221 


B0960JAlJF 
,infel· 


Byte Offset II....-_IL...-_.L...-I 
_ 


o 
2 
Word Offset 


1-222 


Triple-Word 
Load/Store 


Quad-Word 
Load/Store 


o 
4 
8 
12 
16 
20 
24 
I 
I 
I 
I 
3 
4 
5 
6 


I 


One Three-Word 
Burst (Aligned) 


I 


Byte, Short, Word, 
Word, Byte Accesses 


Short, Word, Word, 
Short Accesses 


Byte, Word, Word, 
Short, 
Byte Accesses 
I 


I 


Word, Word, 
Word 
Accesses 
I 


Word, Word,' 
Word Accesses 
I 


Word, 
Word, 


sWord 
Accesses 


Ir"+'~ 
~~~si~rg~eoJf 
!---;::;=:;:=:::==::;:====;::::::=:::::::::,...~ 
Byte, Short, Word, Word, 


••-::=+====+===~~====.!=~word, 
Byte Accesses 
I 
I 


Short, Word, Word, 
Word, 


Short 
Accesses 
~==~==~==~~ 
.. 


Figure 34. Summary 
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Bus) (Continued) 
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The device and stepping 
letter is also printed on the top side of the product package. 


Table 23. 
80960JAlJF 
Die and Stepping 
Reference 


Device 
and 
Version 
Part Number 
Manufacturer 
X 
Complete 
ID 
Stepping 
Number 
(Hex) 


80960JA 
A, A2. 
0000 
1000100000100001 
00000001 
001 
1 
08821013 


80960JF 
A, A2 
0000 
1000 1000 0010 0000 
00000001 
001 
1 
08820013 


NOTE: 
This data sheet applies to the 80960JAlJF 
A and 8096DJAlJF 
A2 steppings. 


7.0 
REVISION 
HISTORY 


This data sheet 
supersedes 
revision 
272504-003. 
Table 24 indicates 
significant 
changes 
since that revision. 


Table 24, Table 24, and Table 24 detail changes 
which occurred 
prior to revision 
272504-004. 


Table 
24. 
Data Sheet Version 
-003 to -~04 Revision 
History 
(Sheett 
of 2) 


Section 
Description 


Table 13, 80960JAlJF 
DC Characteristics 
Removed 
Icc characteristics. 
Added VOLP (output ground 
(pg. 23) 
bounce) 
specification. 


Table 13, 80960JAlJF 
DC Characteristics 
New table for comprehensible 
lee characteristics. 
Added 
(pg. 23) 
lee's for reset mode. ONCE lee Improved 
from 30 mA to 
10mA. 


Section 
4.5, AC Specifications 
(pg. 25) 
Grouped 
AC Specifications 
tables by frequency. 
Added 
25 MHz and 16 MHz AC specifications. 


Table 15, 80960JAlJF 
AC Characteristics 
Tcs (max) improved 
from ±0.1 % to ±250 ps 
(33 MHz) (pg. 25) Section 
INPUT CLOCK 
TIMINGS 


Table 15, 80960JAlJF 
AC Characteristics 
Tov1 (min) improved 
from 3.0 ns to 3.5 ns. Tov2 (m in) 
(33 MHz) (pg. 25) Section 
improved from 0.5T c + 3.0 ns to 0.5T c + 3.5 ns. ToF (min) 
SYNCHRONOUS 
OUTPUT 
TIMINGS 
improved 
from 3.0 ns to 3.5 ns. 
IPRELIMINARY 
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OUTPUT 
TIMINGS 


TBSF (max) improved from 8 MHz to 0.5T F 
TBSIS1(min) improved 
from 8 ns to 4 ns. TBSIH1(min) 
improved from 10 ns to 6 ns. TBSIS2(min) improved 
from 
8 ns to 4 ns. TBSIH2(min) improved 
from 10 ns to 6 ns. 


Table 15, 80960JAlJF 
AC Characteristics 
(33 MHz) (pg. 25) Section 
BOUNDARY 
SCAN TEST SIGNAL TIMINGS 


Table 25. 
Data Sheet Version 
-002 to -003 Revision 
History 


Section 
Description 


Section 
4.3, Connection 
Recommendations 
Added precaution 
to drive TRST pin low to reset the 
(pg. 22) 
TAP controller, 
even if the JTAG Boundary 
Scan 
function 
will not be used. 


Table 13, 80960JAlJF 
DC Characteristics 
(pg. 
Changed 
III specification 
to ILl1 and added new specifi- 
23) 
cation ILl2 to denote leakage for TAP controller 
pins. 
Ice ONCE mode now indicated 
as 19mA (typ.) and 30 
mA (max.). 


Table 15, 80960JAlJF 
AC Characteristics 
(33 
Minimum 
CLKIN frequency 
now specified 
as 8 MHz. 


MHz) (pg. 25) 


Table 16, Targeted 
80960JAlJF 
Synchronous 
T1S1and TIH1 now applicable 
to NMI and XINT7:0 
Input Timings 
(pg. 24) 
signals with setup time (min.) improved 
from 7 to 6 ns 
and hold time (min.) improved from 3 to 2 ns. TIH2 
(min.) improved 
from 2 to 1 ns. T1S4(min.) improved 
from 7 to 6 ns and TIH4 (min.) improved from 3 to 2 ns, 
with T1S4and TIH4 now measured 
from the inactive 
edge of RESET. 


Figure 7, Output Delay or Hold vs. Load 
Inserted 
data. 
Capacitance 
(pg. 32) 


Figure 8, Rise and Fall Time Derating 
(pg. 33) 


Figure 12, Input Setup and Hold Waveform 
for 
Figures redrawn to correspond 
to changes 
in setup 
TIS1 and TIH1 (pg. 35) 
and hold specifications 
for NMI, XINT7:0, 
ONCE and 


Figure 15, Input Setup and Hold Waveform 
for 
STEST. 


TIS4 and TIH4 (pg. 36) 
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Table 26. 
Data Sheet Version 
-001 to -002 Revision 
History 
(Sheet 
1 of 2) 


Section 
Description 


Figure 2, a0960JAlJF 
Block Diagram 
(pg. 2) 
Added a0960JA 
product version, 
which includes 
2 Kbyte instruction 
cache and 1 Kbyte data cache. 


Table 1, a0960Jx 
Instruction 
Set (pg. 5) 
Renamed 
Conditional 
Move instruction 
to Conditional 
Select instruction. 


Table 3, Pin Description 
- 
Extemal 
Bus 
Clarified 
description 
of unused AD31 :0 pins during 
Signals 
(pg. 7) 
write operations. 
Corrected 
description 
of AD31 :0 phis 
during HALT mode. Renamed 
ADS pin from 
Address/Data 
Status to Address 
Strob~ 
function 
unchanged). 
Corrected 
description 
of BE3:2 pins to 
indicate 
high state when pin(s) unused. 


Table 4, Pin Description 
- 
Processor 
Control 
Added note that TOO does not float during ONCE 


Signals, Test Signals and Power (pg. 10) 
Mode. Added note to ground TRST if TAP unused. 


Figure 3, 132-Lead 
Pin Grid Array Bottom 
New figures 
and tables. Pin ca changed 
from Vcc 
View - Pins Facing Up (pg. 13) 
(previously 
published 
elsewhere) 
to NC. Processor 


Figure 4, 132-Lead 
Pin Grid Array Top View - 
operates 
correctly 
hi a system with either connection. 


Pins Facing Down (pg. 14) 


Table 6, 132-Lead 
PGA Pinout -In 
Signal 
Order (pg. 15) 


Table 7, 132-Lead 
PGA Pinout -In 
Pin Order 
(pg. 16) 


Figure 5, 132-Lead 
POFP - Top View (pg. 17) 
New figure and tables. 
Lead 19 changed 
from VCC(I/O} 


Table a, 132-Lead 
POFP Pinout-In 
Signal 
(previously 
published 
elsewhere) 
to NC. Processor 


Order (pg. ta) 
operates 
correctly 
in a system with either connection. 


Table 9, 132-Lead 
POFP Pinout-In 
Pin 
Order (pg. 19) 


Section 
3.2, Package 
Thermal 
Specifications 
New section with tables of thermal 
characteristics. 
(pg. 20) 


Section 
4.0, ELECTRICAL 
SPECIFICATIONS 
New section with targeted 
operating 
conditions, 
(pg. 21) 
targeted 
DC characteristics, 
targeted 
AC specifications 
and AC timing waveforms. 


Figure 29, HOLD/HOLDA 
Waveform 
For Bus 
Improved figure. 


Arbitration 
(pg. 47) 
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Table 26. 
Data Sheet Version 
-001 to -002 Revision 
History 
(Sheet 2 of 2) 


Section 
Description 


Table 19, Natural Boundaries 
for Load and 
New tables and figures to explain bus access 


Store Accesses 
(pg. 51) 
alignment. 


Table 20, Summary 
ofByte 
Load and Store 
Accesses 
(pg. 51) 


Table 21, Summary 
of Short Word Load and 
Store Accesses 
(pg. 51) 


Table 22, Summary 
of n-Word Load and Store 
Accesses 
(n = 1, 2, 3, 4) (pg. 52) 


Figure 33, Summary 
of Aligned and Unaligned 
Accesses 
(32-Bit Bus) (pg. 53) 


Figure 30, Cold Reset Waveform 
(pg. 48) 
New figure. 


Section 
6.0, DEVICE 
IDENTIFICATION 
(pg. 
New section. 
, 


55) 


~. 


Table 27. 
Data Sheet Version 
-002 to -003 Revision 
History 
(Sheet 1 of 2) 


Section 
Description 


Section 
4.3, Connection 
Recommendations 
Added precaution 
to drive TRST pin low to reset the 
(pg. 22) 
TAP controller, 
even if,the JTAG Boundary 
Scan 
function 
will not be used. 


Table 13, 80960JAlJF, 
DC Characteristics 
(pg. 
Changed 
III specification 
to ILl1 and added new specifi- 


23) 
cation ILl2 to denote leakage for TAP controller 
pins. 


Icc ONCE mode now indicated 
as 19mA (typ.) and 30 
mA (max.). 


Table 15, 80960JAlJF 
AC Characteristics 
(33 
Minimum 
CLKIN frequency 
now specified 
as 8 MHz. 


MHz) (pg. 25) 
, 


Table 16, Targeted 
80960JAlJF 
Synchronous 
TIS1 and TIH1 now applicable 
to NMI and XINT7:0 
Input Timings 
(pg. 24) 
signals with setup time (min.) improved 
from 7 to 6 ns 
and hold time (min.) improved from 3 to 2 ns. TIH2 
(min.) improved 
from 2 to 1 ns. TIS4 (min.) improved 
from 7 to 6 ns and TIH4 (min.) improved from 3 to 2 ns, 
with TIS4 and TIH4 now measured 
from the inactive 
edge of RESET. 


Figure 7, Output 
Delay or Hold vs. Load 
Inserted data. 
Capacitance 
(pg. 32) 


Figure 8, Rise and Fall Time Derating 
(pg. 33)' 
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80L960JAlJF 
3.3 V EMBEDDED 32-BIT MICROPROCESSOR 


• 3.3 Volt Version of the B0960JAlJF 
Processor 
• 
PIn/Code Compatible with all 80960Jx 
• 
High Bandwidth Burst Bus 
Processors 
32-Blt Multlplexed Address/Data 
High-Performance 
Embedded Architecture 
. 
Programmable Memo~ Conflg~ratlon 
.• 
. 
.. 
- 
Selectable 8-, 16-, 32-Blt Bus Widths 
One Instruction/Clock 
.Executlon 
_ 
Supports Unaligned Accesses 
L?adlStore P.rogrammmg .Model 
_ 
Big or Little Endlan Byte Ordering 
Sixteen 32-Blt Global Re~lsters 
. 
Sixteen 32-Blt Local Registers (8 sets). 
New Instructions 
Nine Addressing 
Modes 
- 
Conditional 
Add, Subtract and Select 
User/Supervisor 
Protection Model 
- 
Processor Management 
• 
Two-Way Set Associative Instruction 
Cache • 
High-Speed Interrupt Controller 
80L960JA - 2 Kbyte 
- 
31 Programmable Prlorltle1L- 


- 
80L960JF - 4 Kbyte 
- 
Eight Maskable Pins plus NMI 
- 
Programmable Cache Locking 
- 
Up to 240 Vectors In Expanded Mode 
Mechanism 
• 
Two On-Chip Timers 
• 
Direct Mapped Data Cache 
- 
Independent 32-Blt Counting 
- 
80L960JA - 1 Kbyte 
- 
Clock Prescaling by 1, 2, 4 or 8 
- 
80L960JF - 2 Kbyte 
- 
Internal Interrupt Sources 


. - 
Write Through Operation 
• 
Halt Mode for Low Power 
• 
On-Chip Stack Frame Cache 
Seven Register Sets Can Be Saved 
Automatic Allocation on Call/Return 
- 
0-7 Frames Reserved for High-Priority 
• 
Interrupts 
• 
On-Chip Data RAM 
1 Kbyte Critical Variable Storage 
- 
Single-Cycle Access 


• 
IEEE 1149.1 (JTAG) Boundary Scan 
Compatl bility 


Packages 
132-Lead Pin Grid Array (PGA) 
132-Lead Plastic Quad Flat Pack (PQFP) 


-IA80L960JX 
XXXXXXXXA2 
.,019xx 


..~.~,.• 
v 
v 
v 
v v {; 


,..... ,.• ,.•. ,.. 
" 
..~" 
", 
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Figure 1. 80L960JAlJF Microprocessor 
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1.0 
PURPOSE 


This 
document 
contains 
preliminary 
information 
for 
the 80L960JAlJF 
microprocessor, 
including 
electrical 
characteristics 
and 
package 
pin out 
information-. 
Detailed 
functional 
descriptions 
- 
other 
than 
parametric 
performance 
- 
are 
published 
in 
the 
i96cf1PJx Microprocessor 
User's Guide (272483). 


Throughout 
this data sheet, 
references 
to "80960Jx" 
indicate features 
which apply to all of the following: 


• 80960JA 
- 
5V, 2 Kbyte instruction 
cache, 
1 Kbyte. 


data cache 
. 


• 80960JF 
- 
5V, 4 Kbyte instruction 
cache, 2 Kbyte 
data cache 


• 80960JD - 
5V, 4 Kbyte instruction 
cache, 2 Kbyte 
data cache and clock doubling 


• 80L960JA 
- 
3.3 V version 
of the 80960JA 


• 80L960JF 
- 
3.3 V version of the 80960JF 


2.0 
80960Jx 
OVERVIEW 


The 
80960Jx 
offers 
high 
performance 
to 
cost- 
sensitive 
32-bit 
embedded 
applications. 
The 
80960Jx 
is object 
code 
compatible 
with the 
80960 
Core 
Architecture 
and 
is 
capable 
of 
sustained 
execution 
at the 
rate of one 
instruction 
per clock. 
This 
processor's 
features 
include 
generous 
instruction 
cache, 
data cache 
and data RAM. It also 
boasts 
a fast 
interrupt 
mechanism, 
dual 
program- 
mable timer units and new instructions. 


Memory 
subsystems 
for 
cost-sensitive 
embedded 
applications 
often 
impose 
substantial 
wait 
state 
penalties. 
The 
80960Jx 
integrates 
considerable 
storage 
resources 
on-chip 
to 
decouplEi 
CPU 
execution 
from the external 
bus. 


The 80960Jx 
rapidly 
allocates 
and deallocates 
local 
register 
sets during context 
switches. 
The processor 
needs to flush a register set to the stack only when it 
saves 
more 
than 
seven 
sets 
to 
its 
focal 
register 
cache. 


A 32-bit multiplexed 
burst bus provides 
a high-speed 
interface 
to 
system 
memory 
and 
'1/0. 
A 
full 
complement 
of 
control 
signals 
simplifies 
the 
connection 
of the 80960Jx 
to external 
components. 


The 
user 
programs 
physical 
and 
logical 
memory 
attributes 
through 
memor:y-mapped 
control 
registers 
(MMRs) 
-, 
an extension 
not found 
on the i960 Kx, 
Sx or Cx processors. 
Physical 
and 
logical 
configu- 
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ration registers 
enable the processor 
to operate 
with 
all 
combinations 
of 
bus 
width 
and 
data 
object 


alignment. 
The processor 
supports 
a homogeneous 
byte ordering 
model. 


This processor 
integrates 
two important 
peripherals: 


a timer 
unit and 
an interrupt 
controller, 
These 
and 
other 
hardware 
resources 
are programmed 
through 
memory-mapped 
control 
registers, 
an extension 
to 
the familiar 
80960 architecture. 


The 
timer 
unit 
(TU) otters 
two 
independent 
32-bit 
timers 
for 
use 
as 
real-time 
system 
clocks 
and 
general-purpose 
system 
timing. 
These 
operate 
in 
either 
single-shot 
or 
auto-reload 
mode 
and 
can 
generate 
interrupts. 


The interrupt 
controller 
unit (ICU) provides 
a flexible, 


low-latency 
means for requesting 
interrupts. The ICU 
provides 
full programmability 
of up to 240 
interrupt 
sources 
into 
31 
priority 
levels. 
The 
ICU 
takes 
advantage 
of a cached 
priority 
table 
and 
optional 


routine caching 
to minimize 
interrupt 
latency. 
Local 


registers 
may be dedicated 
to high-priority 
Jntsrrupts 
to further 
reduce 
latency. 
Acting 
independently 
from 
the core, the ICU compares 
the priorities 
of posted 
interrupts 
with 
the 
current 
process 
priority, 
off- 


loading 
this 
task 
from 
the 
core. 
The 
ICU 
also 
supports 
the integrated 
timer interrupts. 


The 
80960Jx 
features 
a 
Halt 
mode 
designed 
to 
support 
applications 
where 
low power 
consumption 


is critical. 
The halt instruction 
shuts down instruction 


execution, 
resulting 
in a power 
savings 
of up to 90 
percent. 


The 
80960Jx's 
testability 
features, 
including 
ONCE 
(On-Circuit 
Emulation) 
mode 
and 
Boundary 
Scan 


(JTAG), 
provide 
a powerful 
environment 
for design 
debug and fault diagnosis. 


The 
Solutions960@ 
program 
features 
a wide variety 
of 
development 
tools 
which 
support 
the 
i960 
processor 
family. 
Many of these tools are developed 
by partner 
companies; 
some are developed 
by Intel, 


such as profile-driven 
optimizing 
compilers. 
For more 
information 
on 
these 
products, 
contact 
your 
local 
Intel representative. 
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PLL, 
ClOCkS, 


Power 
Mgmt 


Boundary 
Scan 


Controller 


a-Set 


Local 
Register 
Cache 


128 


Global/Local 


Register 
File 


SRC1 
SRC2 
DEST 


Instructlon 
Cache 


4 Kbyte 
(80L96OJF) 
or 2 Kbyte 
(801.960JA) 
Two-Way Set Associative 


,Multiply 
Divide 
Unit 


effective 
address 


2 Kbyte (80L960JF) 


or 
L.._-t.-1 Kbyte (80L960JA) 


Direct 
Mapped 


Data Cache 
3 Independent 
32-Bit 
SRC1, 
SRC2, 
and DEST Buses 


Figure 
2. 80960Jx 
Block 
Diagram 


2.1 
80960 Processor Core 


The 80960Jx 
family is a scalar implementation 
of the 
80960 
Core 
Architecture. 
Intel 
designed 
this 
processor 
core 'as a very 
high performance 
device 
that is also cost-effective. 
Factors 
that contribute 
to 


the core's performance 
include: 


• Single-clock 
execution 
of most instructions 


• Independent 
Multiply/Divide 
Unit 


• Efficient 
instruction 
pipeline 
minimizes 
pipeline 
break latency 


• Register 
and resource 
scoreboarding 
allow 
overlapped 
instruction 
execution 


• 128-bit register 
bus speeds 
local register 
caching 
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• Two-way set associative, 
integrated 
instruction 
cache 


• Direct-mapped, 
integrated 
data cache 


• t Kbyts 
integrated 
data RAM delivers 
zero wait 
state program 
data 


2.2 
Burst Bus 


A 32-bit 
high-performance 
bus controller 
interfaces 


the 80960Jx 
to external 
memory 
and 
peripherals. 


The BCU fetches 
instructions 
and transfers 
data at 


the 
rate 
of 
up to four 
32-bit 
words 
per 
six 
clock 


cycles, The external address/data 
bus is multiplexed, 
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Users may configure 
the 80960Jx's 
bus controller 
to 
match 
an application's 
fundamental 
memory 
organi- 
zation. 
Physical 
bus width is register-programmed 
for' 


up to eight 
regions. 
Byte ordering 
and data caching 
are programmed 
through 
a group of logical 
memory 
templates 
and a defaults 
register. 


The BCU's features 
include: 


• Multiplexed 
external 
bus to minimize 
pin count 


• 32-, 16- and 8-bit bus widths to simplify 
I/O 
interfaces 


• External 
ready control for address-to-data, 
data-to- 
data and data-to-next-address 
wait state types 


• Support 
for big or little endian byte ordering 
to 
facilitate 
the porting of existing 
program 
code 


• Unaligned 
bus accesses 
performed 
transparently 


• Three-deep 
load/store 
queue to decouple 
the bus 
from the core 


Upon 
reset, 
the 80960Jx 
conducts 
an internal 
self 
test. 
Then, 
before 
executing 
its first 
instruction, 
it 
performs 
an 
external 
bus 
confidence 
test 
by 
performing 
a checksum 
on the 
first 
words 
of the 
initialization 
boot record (IBR). 


The user may examine 
the contents 
of the caches 
at 
any time by executing 
special 
cache control 
instruc- 
tions. 


2.3 
Timer Unit 


The timer 
unit (TU) contains 
two independent 
32-bit 
timers which are capable 
of counting 
at several clock 
rates and generating 
interrupts. 
Each is programmed 
by use of the TU registers. 
These 
memory-mapped 
registers 
are addressable 
on 32-bit boundaries. 
The 


timers 
have 
a 
single-shot 
mode 
and 
auto-reload 
capabilities 
for continuous 
operation. 
Each timer has 
an independent 
interrupt 
request 
to the 
80960Jx's 
interrupt 
controller. 
The 
TU 
can 
generate 
a fault 
when 
unauthorized 
writes 
from 
user 
mode 
are 
detected. 
Clock prescaling 
is supported. 


2.4 
Priority Interrupt Controller 


A programmable 
interrupt 
controller 
manages 
up to 
240 
external 
sources 
through 
an 
8-bit 
external 


interrupt 
port. Alternatively, 
the interrupt 
inputs 
may 
be configured 
for individual 
edge- 
or level-triggered 
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inputs. The interrupt 
unit (IU) also accepts 
interrupts 


from 
the two 
on-chip 
time.L..£!1annels and 
a single 


Non-Maskable 
Interrupt 
(NMI) 
pin. 
Interrupts 
are 


serviced 
according 
to their priority 
levels 
relative 
to 


the current 
process priority. 


Low interrupt 
latency 
is critical 
to many 
embedded 


applications. 
As part 
of its highly 
flexible 
interrupt 


mechanism, 
the 80960Jx 
exploits several techniques 


to minimize 
latency: 


• Interrupt vectors and interrupt 
handler 
routines can 


be reserved 
on-chip 


• Register 
frames for high-priority 
interrupt 
handlers 


can be cached on-chip 


• The interrupt 
stack can be placed in cacheable 
memory 
space 


2.5 
Instruction Set Summary 


The 
80960Jx 
adds 
several 
new 
instructions 
to the 


i960 core architecture. 
The new instructions 
are: 


• Conditional 
Move 


• Conditional 
Add 


• Conditional 
Subtract 


• Byte Swap 


• Halt 


• Cache Control 


• Interrupt 
Control 


Table 
1 identifies 
the instructions 
that 
the 80960Jx 


supports. 
Refer 
to i96cfP Jx Microprocessor 
User's 


Guide 
(272483) 
for 
a detailed 
description 
of each 


instruction. 


2.6 
Faults and Debugging 


The 80960Jx 
employs 
a comprehensive 
fault model. 


The processor 
responds 
to faults 
by making 
implicit 


calls to a fault handling 
routine. 
Specific 
information 


collected 
for each 
fault 
allows 
the fault 
handler 
to 


diagnose 
exceptions 
and recover appropriately. 


The processor 
also has built-in debug capabilities. 
In 


software, 
the 80960Jx 
may be configured 
to detect 


as many as seven different 
trace event types. 
Alter- 


natively, 
mark 
and fmark 
instructions 
can generate 
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trace 
events 
explicitly 
in 
the 
instruction 
stream. 


Hardware 
breakpoint 
registers are also available 
to 
trap on execution and data addresses. 


2.7 
Low Power Operation 


Intel fabricates 
the 80960Jx usin·g an advanced sub- 
micron manufacturing 
process. The processor's 
sub- 
micron 
topology 
provides 
the 
circuit 
density 
for 
optimal cache size and high operating 
speeds while 
dissipating 
modest power. The processor 
also uses 
dynamic 
power 
management 
to turn off clocks 
to 
unused circuits. 


Users may program the 80960Jx to enter Halt mode 
for 
maximum 
power 
savings. 
In 
Halt 
mode, 
the 
processor core stops completely while the integrated 
peripherals 
continue 
to function, 
reducing 
overall 
power 
requirements 
up to 90 percent. 
Processor 
execution 
resumes 
from 
internally 
or 
externally 
generated interrupts. 


2.8 
Test Features 


The 80960Jx incorporates 
numerous features which 
enhance the user's ability to test both the processor 
and 
the 
system 
to 
which 
it 
is 
attached. 
These 


features include ONCE (On-Circuit 
Emulation) mode 
and Boundary Scan (JTAG). 


The 80960Jx provides testability features compatible 
with IEEE Standard Test Access Port and Boundary 
Scan Architecture 
(IEEE Std. 1149.1). 


One 
of 
the 
boundary 
scan 
instructions, 
HIGHZ, 


forces 
the 
processor 
to 
float 
all 
its 
output 
pins 
(ONCE mode). ONCE mode can also be initiated at 
reset without using the boundary scan mechanism. 


ONCE 
mode is useful for board-level 
testing. 
This 
feature 
allows 
a mounted 
80960Jx 
to 
electrically 


"remove" 
itself from a circuit board. This allows for 
system-level 
testing where a remote tester - 
such 
as 
an 
in-circuit 
emulator 
- 
can 
exercise 
the 
processor system. 


The 
provided 
test 
logic 
does 
not 
interfere 
with 
component 
or circuit 
board 
behavior 
and ensures 
that 
components 
function 
correctly, 
connections 
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between 
various 
components 
are 
correct, 
and 
various components 
interact correctly on the printed 
circuit board. 


The JTAG 
Boundary 
Scan feature 
is an attractive 
alternative 
to conventional 
"bed-of-nails" 
testing. 
It 


can examine 
connections 
which might otherwise 
be 
inaccessible 
to a test system. 


2.9 
Memory-Mapped 
Control 
Registers 


The 
80960Jx, 
though 
compliant 
with 
i960 
series 
processor 
core, 
has 
the 
added 
advantage 
of 
memory-mapped, 
internal control registers not found 
on the i960 Kx, Sx or Cx processors. 
These 
give 
software 
the 
interface 
to easily 
read 
and 
modify 
internal control registers. 


Each of these 
registers 
is accessed 
as a memory- 


mapped, 
32-bit 
register. 
Access 
is accomplished 
through 
regular 
memory-format 
instructions. 
The 
processor 
ensures 
that 
these 
accesses 
do 
not 
generate external bus cycles. 


2.10 
Data Types and Memory 
Addressing 
Modes 


As 
with 
all 
i960 
family 
processors, 
the 
80960Jx 


instruction 
set 
supports 
several 
data 
types 
and 
formats: 


• Bit 
Bit fields 


• Integer (8-,16-,32-, 
64-bit) 


• Ordinal (8-,16-,32-, 
64-bit unsigned integers) 


• Triple word (96 bits) 


• Quad word (128 bits) 


The 80960Jx provides a full set of addressing 
modes 
for C and assembly programming: 


• Two Absolute modes 


• Five Register Indirect modes 


• Index with displacement 


• IP with displacement 
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Tab.le 1. 80960Jx 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit. Bit Field 
and Byte 


Load 
Add 
And 
Set Bit 


Store 
Subtract 
Not And 
Clear Bit 


Move 
Multiply 
And Not 
Not Bit 


'Conditional 
Select 
. Divide 
Or 
Alter Bit 


Load Address 
Remainder 
Exclusive 
Or 
Scan For Bit 


Modulo 
Nbt Or 
Span Over Bit 


Shift 
Or Not 
Extract 


Extended 
Shift 
Nor 
Modify 


Extended 
Multiply 
Exclusive 
Nor 
Scan 
Byte for Equal 


Extended 
Divide 
Not 
'Byte 
Swap 


Add with Carry 
Nand 


Subtract 
with Carry 


I . 


'Conditional 
Add 
, 


'Conditional 
Subtract 


Rotate 


Comparison 
Branch 
Call/Return 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 


Conditional 
Compare 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
and 
Compare 
and Branch 
Call System 
Increment 
Return 
. 


Compare 
and 
Branch and Link 
Decrement 


Test Condition 
Code 


, 


Check Bit 
h 
i 
r 
. 


Debug 
Processor 
Atomic 
Management 


Modify Trace Controls 
Flush Local Registers 
Atomic Add 


Mark 
Modify Arithmetic 
Atomic 
Modify 


Force Mark 
Controls 


Modify Process 
Controls' 


'Halt 


System 
Control 


'Cache 
Control 


'Interrupt 
Control 


NOTE: 
Asterisk 
(') denotes 
new 80960Jx 
instructions 
unavailable 
on 80960CAlCF, 
80960KAlKB 
and 80960SAlSB 
imple- 
mentations. 
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3.0 
PACKAGE INFORMATION 


The 
80L960JAlJF 
will 
be offered 
in several 
speed 
and 
package 
types. 
The 
132-pin 
Pin 
Grid 
Array 
(PGA) 
device 
will 
be 
specified 
for 
operation 
at 
Vcc = 3.3 V ± 5% over a case temperature 
range 
of 
O· to 100·C: 


.• A80L960JAlJF-25 
(25 MHz) 


• A80L960JAlJF-16 
(16 MHz) 


The 
132-pin 
Plastic 
Quad 
Flatpack 
(PQFP) 
devices 
will 
be specified 
for 
operation 
at Vcc = 3.3 V ± 5% 
over a case temperature 
range of O· to 100·C: 


• NG80L960JAlJF-25 
(25 MHz) 


• NG80L960JAlJF-16 
(16 MHz) 


For 
complete 
package 
specifications 
and 
infor- 
mation, 
refer to Intel's Packaging 
Handbook 
(2408bO). 


3.1 
Pin Descriptions 


This section 
describes 
the pins for the 80L960JAlJF 
in the 132-pin ceramic 
Pin Grid Array (PGA) package 
and 
132-lead 
Plastic 
Quad 
Flatpack 
Package 
(PQFP). 


Section 
3.1.1, 
Functional 
Pin 
Definitions 
describes 
pin function; 
Section 
3.1.2, 80960Jx 
132- 
Lead 
PGA 
Pinout 
and 
Section 
3.1.3, 
80960Jx 
PQFP 
Pinout 
define the signal and pin locations 
for 
the supported 
package 
types. 


3.1.1 
Functional 
Pin Definitions 


Table 
2 presents 
the legend 
for interpreting 
the pin 
descriptions 
which 
follow. 
Pins associated 
with the 
bus 
interface 
are 
described 
in 
Table 
3. 
Pins 
associated 
with basic control 
and test functions 
are 
described 
in 
Table 
4. 
Pins 
associated 
with 
the 
Interrupt 
Unit are described 
in Table 5. 
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Table 2. 
Pin Description 
Nomenclature 


Symbol 
Description 
I 
Input pin only. 
0 
Output 
pin only. 


VO 
Pin can be either an input or output. 


- 
Pin must be connected 
as described. 


S 
Synchronous. 
Inputs must meet setup 
and hold times relative to CLKIN for 
proper operation. 


S(E) Edge sensitive 
input 
S(L) Level sensitive 
input 


A (...) 
Asynchronous. 
Inputs may be 
asynchronous 
relative 
to CLKIN. 


A(E) Edge sensitive 
input 
A(L) Level sensitive 
input 


R (...) 
While the processor's 
RESET 
pin is 
asserted, 
the pin: 


R(1) is driven to Vcc 
R(O) is driven to Vss 
R(Q) is a valid output 
R(X) is driven to unknown 
state 
R(H) is pulled up to Vcc 


H( ...) 
While the processor 
is in the hold state, 


the pin: 


H(1) is driven to Vcc 
H(O) is driven to Vss 
H(Q) Maintains 
previous 
state or 
continues 
to be a valid output 
H(Z) Floats 


P (...) 
While the processor 
is halted, the pin: 


P(1) is driven to Vcc 
P(O) is driven to Vss 
P(Q) Maintains 
previous 
state or 
continues 
to be a valid output 


PRELIMINARY I 


t'(U} 
AU1::>:lj ana 
f\U/:U. 
uunng 
wrue operauons, 
UJIU:st:tU 
1-'111:;'cut:: UIIVt::11 
LV UO\OIIIIlIICllO 


values. 


SIZE, which comprises 
bits 0-1 of the AD lines during a Ta cycle, specifies 
the 
number of data transfers 
during the bus transaction. 


AD1 
ADO 
Bus Transfers 


0 
0 
1 Transfer 
0 
1 
2 Transfers 
1 
0 
3 Transfers 
! 
1 
1 
4 Transfers 


When the processor 
enters 
Halt mode, if the previous 
bus operation 
was a: 
, 


• write - 
AD31:2 
are driven with the last data value on the AD bus. 


• read - 
AD31 :4 are driven with the last address 
value on the AD bus; AD3:2 are 
driven with the value of A3:2 from the last data cycle. 


Typically, 
AD1:0 reflect the SIZE information 
of the last bus transaction 
(either 
instruction 
fetch or load/store) 
that was executed 
before entering 
Halt mode. 


ALE 
0 
ADDRESS 
LATCH 
ENABLE 
indicates 
the transfer 
of a physical 
address. 
ALE is 
R(O) 
asserted 
during a Ta cycle and deasserted 
before the beginning 
of the Td state. It is 
H(Z) 
active HIGH and floats to a high impedance 
state during a hold cycle (T h)' 


PtO) 


ALE 
0 
ADDRESS 
LATCH ENABLE 
indicates 
the transfer 
of a physical 
address. 
ALE is the 
R(1) 
inverted version 
of ALE. This signal gives the 80960Jx a high degree of compatibility 
H(Z) 
with existing 
80960Kx 
systems. 
P(1) 


ADS 
0 
ADDRESS 
STROBE 
indicates 
a valid address 
and the start of a new bus access. 


R(1) 
The processor 
asserts ADS for the entire Ta cycle. External bus control 
logic typically 
H(Z) 
samples 
ADS at the end of the cycle. 


P(1) 


A3:2 
0 
ADDRESS3:2 
comprise 
a partial demultiplexed 
address 
bus. 


R(X) 
32-bit memory accesses: the processor 
asserts 
address 
bits A3:2 during 
Ta' The 
H(Z) 
partial word address 
increments 
with each assertion 
of RDYRCV during 
a burst. 


P(O) 
16-bit memo~esses: 
the processor 
asserts 
address 
bits A3:1 during 
Ta with A1 
driven on the BE1 pin. The partial short word address 
increments 
with each 
assertion 
of RDYRCV during a burst. 


8-bit memory accesses: the processor 
asserts address 
bits A3:0 during 
Ta' with A 1:0 
driven on BE1 :0. The partial byte address 
increments 
with each assertion 
of 
RDYRCV 
during a burst. 
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Table 3. 
Pin Description 
- 
External 
Bus Signals 
(Sheet 2 of 4) 


NAME 
TYPE 
DESCRIPTION 


BE3:0 
0 
BYTE 
ENABLES 
.select which of up to four data bytes on the bus participate 
in the 
R(1) 
current bus access. 
Byte enable 
encodinq 
is dependent 
on the bus width of the 
H(Z) 
memory 
region accessed: 
P(1) 
32-bit bus: 


BE3 enables 
data on AD31 :24 
BE2 enables 
data on AD23:16 
BE1 enables 
data on AD15:8 


'- 
BEO enables data on AD7:0 


16-bit bus: 


BE3 becomes 
Byte High Enable (enables 
data on AD15:8) 
B!;:2 is not used (state is high) 
BE1 becomes 
Address 
Bit 1 (A1) 
BEO becomes 
Byte Low Enable (enables 
data on AD7:0) 


8-bitbus: 


BE3 is not used (state is high) 
BE2 is not used (state is high) 
BE1 becomes 
Address 
Bit 1 (Ai) 


I 
BEO becomes 
Address 
Bit 0 (AO) 


The processor 
asserts byte enables, 
byte high enable and byte low enable during Ta' 
Since unaligned 
bus requests 
are split into separate 
bus transactions, 
these signals 
do not toggle during a burst. They remain active through 
the last Td cycle. 


For accesses 
to 8- and 16-bit memory, 
the processor 
asserts the address 
bits in 
conjunction 
with A3:2 described 
above. 


WIDTHI 
0 
WIDTH/HAL 
TED signals denote the physical 
memory 
attributes 
for a bus trans- 


HLTD1:0 
R(O) 
action: 


H(Z) 
WIDTH/HL TD1 
WIDTH/HL TDO 
P(1) 
0 
0 
8 Bits Wide 
0 
1 
16 Bits Wide 
1 
0 
32 Bits Wide 
1 . 
1 
Processor 
Halted 


The processor 
floats the WIDTH/HL TD pins whenever 
it relinquishes 
the bus in 
response 
to ~ HOLD request, 
regardless 
of prior operating 
state. 


DIC 
0 
DATA/CODE 
i!!.dicates that a bus access is,£- data access (1) or an instruction 
R(X) 
access (0). D/C has the same timing as W/R. 


H(Z) 
o = instruction 
access 
P(Q) 
1 = data access 


WIR 
0 
WRITE/READ 
specifies, 
during a Ta cycle, whether 
the operation 
is a write (1) or 
R(O) 
read (0). It is latched on-chip 
and remains valid during Td cycles. 


H(Z) 
0= 
read 
P(Q) 
1 = write 
, 
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Table 3. Pin Description 
- 
External 
Bus Signals 
(Sheet 
3 of 4) 


NAME 
TYPE 
DESCRIPTION 


DTIR 
0 
DATA TRANSMIT 
/ RECEIVE 
indicates 
the direction 
of data transfer to and from the 
R(O) 
address/data 
bus. It is low durinILTa and TwITd cycles for a read; it is high during Ta 
H(Z) 
and TwITd cycles for a write. DT/R never changes 
state when DEN is asserted. 
P(Q) 
0= 
receive 
1 = transmit 


DEN 
0 
DATA ENABLE 
indicates 
data transfer 
cycles during a bus access. 
DEN is asserted 
R(1) 
at the start of the first data cycle in a Q.usaccess and deasserted 
at the end of the 
H(Z) 
last data cycle. DEN is used with DT/R to provide control for data transceivers 
P(1) 
connected 
to the data bus. 
. 
o = data cycle 
1 = not data cycle 


BLAST 
0 
BURST 
LAST 
indicates 
the last transfer 
in a bus access. 
BLAST is asserted 
in the 
R(1) 
last data transfer 
of burst and non-burst 
accesses. 
BLAST 
remains active as long as 
H(Z) 
wait states are inserted via the RDYRCV 
pin. BLAST becomes 
inactive after the final 
P(1) 
data transfer 
in a bus cycle. 


o = last data transfer 
1 = not last data transfer 


RDYRCV 
I 
READY/RECOVER 
indicates 
that data on AD lines can be sampled 
or removed. 
If 
S(L) 
RDYRCV 
is not asserted 
during aT d cycle, the T d cycle is extended 
to the next cycle 
by inserting 
a wait state (Tw). 


o = sample 
data 
1 = don't sample 
data 


The RDYRCV 
pin has another function 
during the recovery 
(T,) state. The processor 
contlnues 
to insert additional 
recovery 
states until it samples 
the pin HIGH. This 
function 
gives slow external devices 
more time to float their buffers before the 
I 


processor 
begins to drive address 
again. 
o = insert wait states 
1 = recovery 
complete 
~ 
I/O 
BUS LOCK 
indicates 
that an atomic read-modify-write 
operation 
is in progress. 
The 
ONCE 
S(L) 
LOCK output 
is asserted 
in the first clock of an atomic operation 
and deasserted 
in 
R(H) 
the last data transfer 
of the sequence. 
The processor 
does not grant HOLDA while it 
H(Z) 
is asserting 
LOCK. This prevents 
external 
agents from accessing 
memory 
involved 


, 
P(1) 
in semaphore 
operations. 


o = Atomic 
read·modify-write 
in progress 
1 = Atomic 
read-modify-write 
not in progress 


ONCE 
MODE: 
The processor 
samples 
the ONCE 
input during reset. If it is asserted 
LOW at the end of reset, the processor 
enters ONCE mode. In ONCE mode, the 
processor 
stops all clocks and floats all output pins. The pin has a weak internal 
pullup which is active during reset to ensure 
normal operation 
when the pin is left 


unconnected. 


0= 
ONCE mode enabled 
1 = ONCE 
mode not enabled 
IPRELIMINARY 
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Table 3. Pin Description 
- 
External 
Bus Signals 
(Sheet '4 of 4) 


NAME 
TYPE 
DESCRIPTION 


HOLD 
I 
HOLD: A request from an external 
bus master to acquire 
the bus. When the 
S(L) 
processor 
receives 
HOLD and grants bus control to another 
master, 
it asserts 
HOLDA, 
floats the address/data 
and control lines and enters the Th state. When 
HOLD is deasserted, 
the processor 
deasserts 
HOLDA 
and enters either the Ti or Ta 


state, resuming 
control 
of the address/data 
and control 
lines. 


o = no hold request 
1 = hold request 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates 
to an external 
bus master that the processor 
has 
R(Q) 
relinquished 
control 
of the bus. The processor 
can grant HOLD requests 
and enter 


H(1) 
the Th state during 
reset and while halted as well as dWing regular operation. 
P(Q) 
o = hold not acknowledged 
1 = hold acknowledged 


BSTAT 
0 
BUS STATUS indicates 
that the processor 
may soon stall unless it has sufficient 


R(O) 
access to the bus; see i96cf'J Jx Microprocessor 
User's Guide (272483). 
Arbitration 
H(Q) 
logic can examine 
this signal to determine 
when an external 
bus master should 
P(O) 
acquire/relinquish 
the bus. 
o = no potential 
stall 
1 = potential 
stall 
" 


Table 4. Pin Description 
- 
Processor 
Control 
Signals, 
Test Signals 
and Power 
(Sheet 1 of 2) 


NAME 
TYPE 
DESCRIPTION 


CLKIN 
I 
CLOCK 
INPUT provides 
the processor's 
fundamental 
time base; both the processor 
core and the external 
bus run at the CLKIN rate. All input and output timings 
are 
specified 
relative 
to a rising CLKIN edge. 


RESET 
I 
RESET initializes 
the processor 
and clears its internal 
logic. During reset, the 
A(L) 
processor 
places the address/data 
bus and control 
output pins in their idle (inactive) 
. 
states . 


During reset, the input pins are ignored with the exception 
of LOCK/ONCE, 
STEST 
and HOLD. 


I 
The RESET 
pin has an internal synchronizer. 
To ensure predictable 
processor 
initial- 
ization during power up, RESET 
must be asserted 
a minimum 
of 10,000 CLKIN 
cycles with Vcc and CLKIN stable. On a warm reset, RESET should be asserted 
for 
a minimum 
of 15 cycles. 


STEST 
I 
SELF TEST enables 
or disables 
the processor's 
internal 
self-test 
feature 
at initial- 


S(L) 
ization. 
STEST is examined 
at the end of reset. When STEST is asserted, 
the 
processor 
performs 
its internal 
self-test 
and the external 
bus confidence 
test. When 
STEST 
is deasserted, 
the processor 
performs 
only the external 
bus confidence 
test. 


o = self test disabled 
1 = self test enabled 


I 
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o = self test failed. 


< 


1 = self test passed 


TCK 
I 
TEST CLOCK 
is a CPU input which provides 
the clocking 
function 
for IEEE 1149.1 
Boundary 
Scan Testing 
(JTAG). 
State information 
and data are clocked 
into the 
processor 
on therisinq 
edge; data is clocked 
out of the processor 
on the falling 
edge. 


TDI 
I 
TEST DATA INPUT is the serial input pin for JTAG. TOI is sampled 
on the rising 
S(L) 
edge of TCK, during the SHIFT-IR 
and SHIFT-OR 
states of the Test Access 
Port. 


TDO 
0 
TEST DATA OUTPUT 
is the serial output pin for JTAG. TOO is driven on the falling 
R(Q) 
edge of TCK during the SHIFT-IR 
and SHIFT-OR 
states of the Test Access 
Port. At 
HQ) 
other times, TOO floats. TOO does not float during ONCE mode. 
P(Q) 


TRST 
I 
TEST 
RESET 
asynchronously 
resets the 'Test Access 
Port (TAP) controller 
function 
A(L) 
of IEEE 1149.fBoundary 
Scan testing 
(JTAG). When using the Boundary 
Scan 
feature, 
connect 
a pulldown 
resistor 
between 
this pin and Vss. If TAP is not used, 
this pin must be connected 
to Vss; however, 
no resistor is required. 
See Section 4.3, 


Connection 
Recommendations 
(pg. 23). 


TMS 
I 
TEST 
MODE SELECT 
is sampled 
at the rising edge of TCK to select the operation 
S(L) 
of the test logic for IEEE 1149.1 Boundary 
Scan testing. 


Vcc 
- 
POWER 
pins intended 
for external 
connection 
to a Vcc board plane. 


VCCPLL 
- 
PLL POWER 
is a separate 
Vcc supply pin for the phase lock loop clock generator. 
It 
is intended 
for external 
connection 
to the Vcc board plane. In noisy environments, 
add a simple 
bypass filter circuit to reduce noise-induced 
clock jitter and its effects 
on timing relationships. 


Vss 
- 
GROUND 
pins intended 
for external 
connection 
to a Vss board plane. 


NC 
- 
NO CONNECT 
pins. 00 not make any system connections 
to these pins. 


J PRELIMINARY, 
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Table 5. Pin Description 
-Interrupt 
Unit Signals 


NAME 
TYPE 
DESCRIPTION 


XINT7:0 
I 
EXTERNAL 
INTERRUPT 
pins are used to request 
interrupt 
service. 
The XINT7:0 
A(E/L) 
pins can be configured 
in three modes: 


Dedicated 
Mode: 
Each pin is assigned 
a dedicated 
interrupt 
level. Dedicated 
inputs 
can be programmed 
to be level (Iow) or edge (falling) 
sensitive. 
. 
Expanded 
Mode: 
All eight pins act as a vectored 
interrupt 
source. The interrupt 
pins 
are level sensitive 
in this mode. 


Mixed 
Mode: 
The XINT7:5 
pins act as dedicated 
sources 
and the XINT4:0 
pins 


I 
act as the five most significant 
bits of a vectored 
source. The least 
significant 
bits of the vectored 
source are set to 0102 intemally. 


Unused 
external 
interrupt 
pins should be connected 
to Vcc. 


NMI 
I 
NON·MASKABLE 
INTERRUPT 
causes a non-maskable 
interrupt 
event tQ..Q££:ur. 


A(E) 
NMI is the highest 
priority 
interrupt 
source and is falling 
edge-triggered. 
If NMI is 
unused, 
it should 
be connected 
to Vcc. 
. 
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3:1.2 
80960Jx 
132·Lead 
PGA Pinout 


I' 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
,11 
12 
13 
14 


P 
0 
0 0 
0 0 
0 
0 
0 0 
0 
0 0 0 
0 
P 


AD25 
AD22 
AD19 
AD18 
Vcc 
vcc 
Vcc 
Vcc 
vcc 
Vcc 
Vcc 
AD13 AD11 
AD6 
, 


N 
0 
0 0 
0 0 0 
0 
0 0 0 0 0 0 0 
N 
AD27 
AD26 
AD24 
AD20 
Vas 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
AD10 
AD7 
AD3 


M 
'0 
0 0 
0 0 
0 
0 
0 0 0 
0 0 0 
0 
M 


AD30 
AD29 
NC 
AD23 AD21 
AD17 
AD16 
AD15 
AD14 
AD12 
AD9 
AD8 
AD4 
ADO 


L 
.Q 
.Q 0 
£ ,.Q 
0 
L 
BE2 
BE3 
AD28 
vi« 


K 
$2 
~s 
Ab{1 
,Q $2 
0 
I 
K 
Vcc 


J 
0 
0 .Q 
0 0 
0 
J 


Vcc 
Vss 
BE1 
NC 
Vss, 
Vcc 


H 
0 
0 Q 
0 0 0 
H 
Vcc 
Vss 
BEO 
VCCPLLVss 
CLKIN 
, 


G 
$2 
Rs 
~ 
Q $2 0 
G 
Vcc 


F 
0 
Pss 
B£T 
.,JLO 
0 
F 
Vcc 
RDYRCVVss 
Vcc 


E 
0 
0 .Q 
....Q..O 
0 
E 
Vcc 
Yss 
DEN 
RESET Vss 
Vcc 
b 
0 
O~ 
0 0 0 
0 
Vcc 
Vss 
0 lA 
TDI 
Vss 
Vcc 


C 
-D...O~O 
0 
.Q 
0 
0 0 
..Q....o......Q. 0 
0 


, 
C 
~ 
HOLDA BLAST 
A3 
A2 
FAIL 
NC 
NC 
HOLD 
XINT1 XINTO TRST STEST 
NC 


0(5E 
Q 0 
0 0 
0 
0 0 0 .fr....Q...Q. 0 
0 


I 


B 
B 
W/R 
D/C 
,,;!;LWd' 
TOO 
NC 
Vss 
Vss 
Vss 
Vss 
XINT6 XINT4 XINT3 
TCK 
NC 


A 
0 
0 
.Q 
0·0 
0 
0 
0 0 ,0 QQ..Q..O 
A 
ADS 
WIDTHI 
ALE 
NC 
NC 
Vcc 
Vcc 
Vcc 
Vcc 
NMI 
XINT7 
XINT5 XINT2 
TMS 
HLTD1 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
. 


Figure 3. 
132·Lead 
Pin Grid Array 
Bottom View· 
Pins Facing 
Up 
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, 
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A 
B 
C 
D 
E 
F 
G 
H 
K 
L 
M 
N 
P 


14 


, 
~-.. ~..•. 
~"" 
~..•. 
~-.. ,..•. 
~-.. ~-.. ~-.. 
,-.. 
~-.. ~-.. ~..•. 
~-.. 
14 
'\'..1 
'..I 
\...1 
,-' 
\...1 
\-' ' 


\...1 
\...1 
\...1 
\-' 
\.-' 
\...1 
\.-' 
\...1 


TMS 
NC 
NC 
Vcc 
VCC 
VCC 
VCC 
CLKIN 
Vcc 
Vcc 
Vcc 
ADO 
AD3 
AD6 
~-.. 
r .••• ~-.. ~-.. ~-.. ~-.. ~-.. ,..•. 
~-.. ~-.. ~-.. ~-.. 
r-.. ~-.. 
13 
.J.L.. ,-' 
\...1 
,..I 
\...1 
\...1 
\...1 
\-' 
\...1 
\...1 
\...1 
\...1 
\...1 
\...1 
13 


I 
XINT2 
TCK 
STEST 
Vss 
Vss 
VSS 
Vss 
Vss 
Vss 
Vss 
AD1 
AD4 
AD7 
AD11 


12 
r"'\ 
~-.. 
r"'\ 
~..•. 
r"'\ 
~-.. ~-.. ~-.. 
r, 
~-.. ~-.. ~-.. 
r"'\ 
~-.. 


12 
\..,1 
,..I 
\..,1 
,-' 
\..,1 
\...1 
\...1 
\...1 
\..1 
\...1 
\...1 
\...1 
\..,1 
\...1 


XINT5 
XINT3 
TRST 
TOI 
RESET'RDYRCV 
NC 
VCCPLL 
NC 
AD2 
AD5 
AD8 
AD10 
AD13 


11 
~-.. ,-.. 
~-.. 
~-.. 
r." ,..•. 


11 
\...1 
,..I 
\..,1 
\..,1 
• \...1 
\..1 
XiNr7 
XiNi'4 XiNTo' 
AD9 
Vss 
VCC 


10 
r, 
,-.. 
r"'\ 
~-.. 
r-.. ~-.. 


10 
\..1 
,..I 
\..1 
\...1 
\...1 
\...1 


NMI 
XINT6 
XINT1 
AD12 
Vss 
Vcc 


9 
~." 
~..•. 
~-.. 
,." 
~..• 
,." 
9 
\...1 
,-' 
\...1 
\..J 
\...1 
\..J 


VCC 
VSS 
HOLD 
• A80L960Jx 
AD14 
Vss 
Vcc 


8 
r, 
~..•. 
~-.. I 


~-.. ~..•. 
~-.. 


8 
\...1 
,-' 
\...1 
\..,1 
\...1 
\..,1 


Vcc 
Vss 
NC 
AD15 
VSS 
Vcc 


7 
~-.. 
r"'\ 
r"'\ 
~-.. ~..•. 
~-.. 


7 
\..J 
\..1 
'.I 
@@ 19xx 
AV, 6 
\...1 
\...1 


Vqc 
Vss 
NC 
Vss 
vcc 


6 
~-.. ,-.. 
~-.. 
,." 
~...• 
,." 
6 
\...1 
,..I 
.1L 
\..J 
\.-' 
\..J 


VCC 
VSS 
FAIL 
XXXXXXXXA2 
AD17 
Vss 
Vcc 


5 
~-.. ,-.. 
r, 
~-.. 
r." 
~-.. 
5 
\...1 
,..I 
\..1 
\...1 
\...1 
\...1 


NC 
NC 
A2 
AD21 
Vss 
Vcc 


4 
~-.. ,-.. 
r, 
,." 
~..• 
,." 
4 
\..,1 
,.,I 
\..1 
\..J 
\.-' 
\..J 
NC 
TDO 
A3 
,AD23 
AD20 
AD18 


, 
~." 
r"'\ 
~." 
,-.. 
~-.. ,...• 
~-.. ,..•. 
~-.. ,..•. 
~-.. ~-.. ~...• 
~-.. 


3 
I 
\..J 
'- ...• 
\..J 
,..I 
\...1 
\-' 
\...1 
.,j".!. 
..l.L 
\-' 
\...1 
\...1 
\...1 
\...1 
3 


ALE 
WIDTH! 
Eii:AST 
DT/R 
DEN 
BSTAT 
ALE 
BEO 
BE1 
AD31 
AD28 
NC 
AD24 
AD19 
HLlDO 


2 
I 
~-.. ,-.. 
~-.. 
r"'\ 
r"'\ 
r, 
r ••. ~-.. ,.., 
~-.. 
r, 
~-.. ~..•. 
~-.. 


2 
\..J 
'" 


\.,1 
'-.,I 
\..,1 
\..1 
\..1 
\.,1 
\./ 
\.,1 
.J.L 
\.,1 
\...1 
\...1 


I 
WIDTH! 
D/C 
HOLDA 
VSS 
Vss 
VSS 
Vss 
Vss 
Vss 
VSS 
BE3 
AD29 
AD26 
AD22 
HLTD1 
r"'\ 
r"'\ 
r"'\ 
,-.. 
,.., ,..•. 
~-.. 
~." 
r, 
,." 
,..-.. 
~-.. ~...• 
~-.. 
~ 
'-.!. 
....l...L. 
,..I 
\..1 
\-' 
\...1 
\..J 
\./ 
\..J 
.J..,L 
\...1 
\...1 
\...1 
ADS 
W/R 
bQQ!S{ 
Vcc 
Vcc 
Vcc 
VCC 
VCC 
VCC 
Vcc 
BE2 
AD30 
AD27 
AD25 
ONCE 


A 
B 
C 
D 
E 
F 
G 
H 
K 
L 
M 
N 
p 


Figure 4. 132-Lead Pin Grid Array Top View - Pins Facing ,Down 


1-244 
PRELIMINARY 'I 


. -_. 
_. - 
.--- 
..- 
..._ . 
- .- 
."'''' 
-- 


AD2 
K12 
BEO 
H3 
Vcc 
A6 
Vss 
E13 


AD3 
N14 
BE1 
J3 
VCC 
A7 
VSS 
F2 


AD4 
M13 
BE2 
L1 
VCC 
A8 
Vss 
F13 


AD5 
L12 
BE3 
L2 
Vcc 
A9 
VSS 
G2 


AD6 
P14 
BLAST 
C3 
VCC 
D1 
VSS 
G13 


AD7 
N13 
BSTAT 
F3 
Vcc 
D14 
Vss 
H2 


AD8 
M12 
CLKIN 
H14 
Vcc 
E1 
Vss 
H13 


AD9 
M11 
D/C 
B2 
.Vcc 
E14 
Vss 
J2 


AD10 
N12 
DEN 
E3 
Vcc 
F1 
Vss 
J13 


AD11 
P13 
DT/R 
D3 
Vcc 
F14 
Vss 
K2 


AD12 
M10 
FAIL 
C6 
Vcc 
G1 
Vss 
K13 


AD13 
P12 
HOLD 
C9 
Vcc 
G14 
Vss 
N5 


AD14 
M9 
HOLDA 
C2' 
Vcc 
H1 
Vss 
N6 


AD15 
M8 
LOCK/ONCE 
C1 
Vcc 
J1 
Vss 
N7 


AD16 
M7 
NC 
A4 
Vcc 
J14 
Vss 
N8 


AD17 
M6 
NC 
A5 
Vcc 
K1 
Vss 
N9 


AD18 
P4 
NC 
B5 
Vcc 
K14 
Vss 
N10 


AD19 
P3 
NC 
B14 
Vcc 
L14 
Vss 
N11 


AD20 
N4 
NC 
C7 
Vcc 
'P5 
W/R 
B1 


AD21 
M5 
NC 
C8 
VCC 
P6 
WIDTH/HL TDO 
B3. 


AD22 
P2 
NC 
C14 
Vcc 
P7 
WIDTH/HL TD1 
A2 


AD23 
M4 
NC 
G12 
Vcc 
P8 
XINTO 
C11 


AD24 
N3 
NC 
J12 
Vcc 
P9 
XINT1 
C10 


AD25 
P1 
NC 
M3 
Vcc 
P10 
XINT2 
A13 


AD26 
N2 
NMI 
A10 
Vcc 
P11 
XINT3 
B12 
AD27 
N1 
RDYRCV 
F12 
VCCPLL 
H12 
XINT4 
B11 


AD28 
L3 
RESET 
E12 
Vss 
B6 
XINT5 
A12 


AD29 
M2 
STEST 
C13 
Vss 
B7 
XINT6 
B10 
AD30 
M1 
TCK 
B13 
Vss 
B8 
XINT7 
A11 


NOTE: Do notconnectany externallogictopinsmarked NC (noconnectPins). 
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Table7. 132·Lead PGA 
Pinout -In 
Pin Order 
intet~ 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


A1 
ADS 
C6 
FAIL 
H1 
Vcc 
M10 
.AD12 


A2 
WIDTH/HL TD1 
C7 
NC 
H2 
Vss 
M11 
.AD9 


A3 
ALE 
CS 
NC 
H3 
BEO 
M12 
ADS 


A4 
NC 
C9 
HOLD 
H12 
VCCPLL 
M13 
AD4 


AS 
NC 
C10 
XINT1 
H13 
Vss 
M14 
ADO 


AB 
Vcc 
C11 
XINTO 
H14 
CLKIN 
N1 
AD27 


A7 
Vcc 
C12 
TRST 
J1 
Vcc 
N2 
AD26 


AB 
Vcc 
C13 
STEST 
J2 
Vss 
N3 
AD24 


A9 
Vcc 
C14 
NC 
J3 
BE1 
N4 
AD20 


A10 
NMI 
D1 
Vcc 
J12 
NC 
NS 
Vss 
A11 
XINT7 
D2 
Vss 
J13 
Vss 
N6 
Vss 
A12 
XINTS 
D3 
DT/R 
J14 
Vcc 
N7 
Vss 
A13 
XINT2 
D12 
TDI 
K1 
Vcc 
NS 
Vss 
A14 
TMS 
D13 
Vss 
K2 
Vss 
N9 
Vss 
B1 
W/R 
D14 
Vcc 
K3 
AD31 
N10 
Vss 
B2 
D/C 
E1 
Vcc 
K12 
AD2 
N11 
Vss 
B3 
WIDTH/HL TDO 
E2 
Vss 
K13 
Vss 
N12 
AD10 
B4 
TOO 
E3. 
DEN 
K14 
Vcc 
N13 
AD7 


B5 
NC 
E12 
RESET 
L1 
BE2 
N14 
AD3 


B6 
Vss 
E13 
Vss 
L2 
BE3 
P1 
AD2S 
B7 
Vss 
E14 
Vcc 
L3 
AD2S 
P2 
AD22 


BB 
Vss 
F1 
Vcc 
L12 
ADS 
P3 
AD19 


B9 
Vss 
F2 
Vss 
L13 
AD1 
P4 
AD1S 
B10 
XINT6 
F3 
BSTAT 
L14 
Vcc 
PS 
Vcc 
B11 
XINT4 
F12 
RDYRCV 
M1 
AD30 
P6 
Vcc 
B12 
XINT3 
F13 
Vss 
M2 
AD29 
P7 
Vcc 
B13 
TCK 
F14 
Vcc 
M3 
NC 
PS 
Vcc 
B14 
NC 
G1 
Vcc 
M4 
AD23 
P9 
Vcc 
C1 
LOCK/ONCE 
G2 
Vss 
MS 
AD21 
P10 
Vcc 
C2 
.HOLDA 
G3 
ALE 
M6 
AD17 
P11 
Vcc 
C3 
BLAST 
G12 
NC 
M7 
AD16 
P12 
AD13 


C4 
A3 
G13 
Vss 
MS 
AD1S 
P13 
AD11 
CS 
A2 
G14 
Vcc 
M9 
AD14 
P14 
AD6 


NOTE: Do not connect 
any external 
logic to pms marked NC (no connect 
pins). 
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3.1.3 
80960Jx 
PQFP Pin out 


i'Rsi' 
1 
Si § § i 8 ~ 9 8 
99 
AD9 


TCK 
2 • 


98 
Vrx, (1/0) 
TMS 
3 
97 
Vss(I/O) 


HOLD 
4 
96 
AD10 


XINTO 
5 
95 
AD11 
XiN'fi" 
6 
94 
Vrx, (110) 
XiNT2 
7 
intel· 


93 
Vss(I/O) 
XiN'i'3 
8 
92 
Vrx, 
(Core) 


Vrx, (1/0) 
9 
91 
Vss 
(Core) 


Vs~ 
10 
90 
AD12 


XINT4 
11 
89 
AD13 
XiNTs 
12 
88 
AD14 
XiNi'6 
13 
87 
AD15 
XiNi'7 
14 
86 
Vcc(I/O) 
NMi 
15 
85 
Vss(I/O) 
vcc (Core) 
16 
i960® 


84 
AD16 
Vss 
(Core) 
17 
83 
AD17 


NC 
18 
82 
AD18 
NC 
19 
81 
AD19 


NC 
20 
80 
v cc (1/0) 


NC 
21 
79 
Vss(I/O) 


NC 
22 
• NG80L960JX 
78 
AD20 


FAIL 
23 
rr 
AD21 


ALE 
24 
I 


76 
AD22 
TOO 
25 
XXXXXXXX 
A2 
75 
AD23 
Vrx,(I/O) 
26 
74 
Vrx, (Core) 
Vss(I/O) 
27 
@@ 19xx 
73 
Vss 
(Core) 
WIDTHlHLTD1 
28 
72 
Vrx,(I/O) 


VcdCore) 
29 
71 
Vss(I/O) 


Vss 
(Core) 
30 
70 
AD24 


WIDTHlHL 
TOO 
31· 
69 
AD25 
A2 
32 
68 
AD26 


A3 
33 
67 
NC 
le 
&l &! !<l 
i! ~ SI 


Figure 5. 
132-Lead 
PQFP - Top View 
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Table 8. 
132-Lead 
PQFP Pinout 
-In 
Signal 
Order 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


AD31 
60 
ALE 
24 
Vcc 
(Core) 
47 
Vss (I/O) 
10. 


AD30 
61 
ADS 
36 
Vcc (Core) 
59 
Vss (I/O) 
27 


AD29 
62 
A3 
33 
Vcc (Core) 
74 
Vss (I/O) 
40 


AD28 
63 
A2 
32 
Vcc 
(Core) 
92 
Vss (I/O) 
48 


AD27 
66 
BE3 
55 
Nee (Core) 
113 
Vss (I/O) 
56 


AD26 
68 
BE2 
54 
Vcc 
(Core) 
115 
Vss (I/O) 
64 


AD25 
69 
BE1 
53 
Vcc(Core) 
123 
Vss (I/O) 
71 


AD24 
70 
BEO 
52 
Vcc (I/O) 
9 
Vss (I/O) 
79 


AD23 
75 
WIDTH/HL TD1 
28 
Vcc (I/O) 
26 
Vss (I/O) 
85 


AD22 
76 
WIDTH/Hl 
TDO 
31 
vcc (I/O) 
41 
Vss(I/O) 
93 


AD21 
77 
D/C 
35 
Vcc 
(I/O) 
49 
Vss (I/O) 
97 


AD20 
78 
W/R 
37 
Vcc (I/O) 
57 
Vss (I/O) 
106 


AD19 
81 
DT/R 
42 
Vcc (1/0) 
65 
Vss (I/O) 
112 


AD18 
82 
DEN 
43 
Vcc (1/0) 
72 
Vss (1/0) 
131 


AD17 
83 
BLAST 
34 
Vcc (1/0) 
80 
NC 
18 


AD16 
84 
RDYRCV 
132 
Vcc (1/0) 
86 
NC 
19 


AD15 
87 
lOCK/ONCE 
50 
Nee (1/0) 
94 
NC 
20 


AD14 
88 
HOLD 
4 
Vcc (1/0) 
98 
NC 
21 


AD13 
89 
HOlDA 
44 
Vcc 
(1/0) 
105 
NC 
22 


AD12 
90 
BSTAT 
51 
Vcc 
(1/0) 
111 
NC 
67 


AD11 
95 
ClKIN 
117 
Vcc 
(1/0) 
129 
NC 
121 


AD10 
96 
RESET 
125 
VCCPLL 
119 
NC 
122 


AD9 
99 
STEST 
128 
Vss (ClK) 
118 
NC 
126 


AD8 
100 
FAil 
23, 
Vss (Core) 
17 
NC 
127 


AD7 
101 
TCK 
2 
Vss (Core) 
30 
XINT7 
14 


AD6 
102 
TDI 
130 
Vss (Core) 
38 
XINT6 
13 


AD5 
103 
TDO 
25 
Vss (Core) 
46 
XINT5 
12 


AD4 
104 
TRST 
1 
Vss (Core) 
58 
XINT4 
11 


AD3 
107 
TMS 
3 
Vss (Core) 
73 
XINT3 
8 


AD2 
108 
Vcc 
(ClK) 
120 
Vss (Core) 
91 
XINT2 
7 


AD1 
109 
Vcc 
(Core) 
16 
Vss (Core) 
114 
XINT1 
6 


ADO 
110 
Nee (Core) 
29 
Vss (Core) 
116 
XINTO 
5 


ALE 
45 
Vcc 
(Core) 
39 
Vss (Core) 
124 
NMI 
15 


NOTE: Do not connect 
any external 
logic to pins marked 
NC (no connect 
pins). 
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5 
XINTO 
38 
Vss (Core) 
71 
V~s (1/0) 
104 
AD4 


6 
XINT1 
39 
Vcc (Core) 
72 
Vcc (1/0) 
105 
Vcc (1/0) 


7 
XINT2 
40 
Vss (1/0) 
73 
Vss (Core) 
106 
Vss (1/0) 


8 
XINT3 
41 
Vcc (1/0) 
74 
Vcc (Core) 
107 
AD3 


9 
Vcc(I/O) 
42 
DT/R 
75 
AD23 
108 
AD2 


10 
Vss (1/0) 
43 
DEN 
76 
AD22 
109 
AD1 


11 
XINT4 
44 
HOlDA 
77 
AD21 
110 
ADO 


12 
XINT5 


/ 
45 
ALE 
78 
AD20 
111 
Vcc (1/0) 


13 
XINT6 
46 
Vss (Core) 
79 
Vss (1/0) 
112 
Vss (1/0) 


14 
XINT7 
47 
'1cc (Core) 
80. 
Vcc (1/0) 
113 
Vcc (Core) 


15 
NMI 
48 
Vss (I/~) 
81 
AD19 
114 
Vss (Core) 


16 
Vcc (Core) 
49 
Vcc(I/O) 
82 
AD18 
115 
Vcc (Core) 


17 
Vss (Core) 
50 
. lOCK/ONCE 
83 
AD17 
116 
Vss (Core) 


18 
NC 
51 
BSTAT 
84 
AD16 
117 
ClKIN 


19 
NC 
52 
BEO 
85 
Vss (1/0) 
118 
Vss (ClK) 


20 
NC 
53 
BE1 
86 
Vcc(I/O) 
119 
VCCPll 


21 
NC 
54 
BE2 
87 
AD15 
120 
Vcc (ClK) 


22 
NC 
55 
BE3 
88 
AD14 
121 
NC 


23 
FAil 
56 
Vss (1/0) 
89 
. AD13 
122 
NC 


24 
ALE 
57 
Vcdl/O) 
90 
AD12 
123 
Vcc (Core) 


25 
TOO 
58 
Vss (Core) 
91 
Vss (Core) 
124 
Vss (Core) 


26 
Vcc (1/0) 
59 
Vcc (Core) 
92 
Vcc (Core) 
125 
RESET 


27 
Vss (1/0) 
60 
AD31 
93 
Vss (1/0) 
126· 
NC 


28 
WIDTH/Hl 
TD1 
61 
AD30 
94 
Vcc(I/O) 
127 
NC 


29 
Vcc(Core) 
62 
AD29 
95 
AD11 
128 
STEST 


30 
Vss (Core) 
63 
AD28 
96 
AD10 
129 
Vcc (I/O) 


31 
WIDTH/Hl 
TOO 
64 
Vss (1/0) 
97 
Vss (1/0) 
130 
TOI 


32 
A2 
65 
Vcc(I/O) 
98 
Vcc(I/O) 
131 
Vss (1/0) 


33 
A3 
66 
AD27 
99 
AD9 
132 
RDYRCV 


NOTE: 
Do not co.nnect any external 
logic to pins marked 
NC (no connect 
Pins). 
IPRELIMINARY 
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3.2 
Package Thermal Specifications 


The 80L960JAlJF 
is specified 
for operation 
when T C 
(case 
temperature) 
is within 
the 
range 
of 
O°C to 
100°C. 
Case temperature 
may be measured 
in any 
environment 
to determine 
whether 
the 80L960JAlJF 
is within specified 
operating 
range. The case temper- 
ature 
should 
be measured 
at the center 
of the top 
surface, 
opposite 
the pins. 


9CA is the thermal 
resistance 
from case to ambient. 


Use 
the 
following 
equation 
to 
calculate 
TA, 
the 
maximum 
ambient 
temperature 
to 
conform 
to 
a 
particular 
case temperature: 


TA = TC - P (9CA) 


in1el~ 


Junction 
temperature 
(T J) 
is 
commonly 
used 
in 
reliability 
calculations. 
TJ can be calculated 
from 9JC 
(thermal 
resistance 
from junction 
to case) 
using the 
following 
equation: 


TJ = Tc + P (9Jc) 


Similarly, 
if TA is known, 
the 
corresponding 
case 


temperature 
(Tc) can be calculated 
as follows: 


TC = TA + P (9CA) 


Compute 
P by multiplying 
'cc from 
Table 
14 and 
Vcc. Values for 9JC and 9CA are given in Table 10 for 
the 
PGA 
package 
and 
Table 
11 
for 
the 
PQFP 
package. 
For high speed 
operation, 
the processor's 
9JA 
may 
be 
significantly 
reduced 
by 
adding 
a 
heatsink 
and/or by increasing 
airflow. 


Table 
10. 132-Lead 
PGA Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
°C/Watt 


Airflow 
- 
ftJmin 
(m/sec) 


Parameter 
0 
200 
400 
600 
800 
1000 
. 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.08) 


9JC(Juncnon-to-case) 
3 
3 
3 
3 
3. 
3 


9CA(Case-to-Ambient) (No Heatsink) 
18 
15 
12. 
11 
11 
11 


9CA(Case-to-Ambient) (Omnidirectional Heatsink) 
15 
12 
9 
8 
8 
8 


9CA(Case-to-Ambient) (Unidirectional Heatsink) 
14 
11 
8 
7 
7 
7 


9JA 
t 9CA 
t 
9JC 
""'\ 


. 
9J-PIN . I' 
~. 
1 9J-CAP 


~ 
~ ~ 


NOTES: 


1. 
This table,applies 
to a PGA device plugged 
into a socket or soldered 
directly into a board. 


2. 
9JA = 9JC + 9CA 
3. 
9J-CAP = 4°CIW (approx.) 
4. 
9J-PIN = 4°CIW (inner pins) (approx.) 
5. 
9J-PIN = 8°CIW (outer pins) (approx.) 
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Table 
11. 
132-Lead 
PQFP Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·ClWatt 


Airflow 
- 
ft./min 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 
(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


9JC (Junction-to-Case) 
6 
7 
7 
7 
7 
7 
7 


9CA (case-to-Amotent ·No Heatsink) 
23 
20 
18 
14 
10 
9 
8 


9JA 
t 
9CA 
U 


9JC 
\~ 
\f\CJ 
\ -c,J/1 / 
J 
9JB 
.••.. 
\.. 


9JL 


NOTES: 
1. 
This table applies 
to a PQFP device soldered 
directly 
into board. 
2. 
9JA = 9JC + IICA 
3. 
9JL = 18·CIW (approx.) 
4. 
9JS = 18·CIW (approx.) 
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4.0 
ELECTRICAL SPECIFICATIONS 


4.1 
Absolute Maximum Ratings 


Parameter 
,I 
Maximum 
Rating 


Storage 
Temperature 
-6S· 
C to +tSO· 
C 


Case Temperature 
Under Bias 
-6S· 
C to +110· 
C 


Supply 
Voltage 
wrt. vss 
-O.SV to + 4.6V 


Voltage 
on Other 
Pins wrt. Vss 
-O.SV to Vcc + O.SV 


NOTICE: 
This data sheet 
contains 
preliminary 
information 
on 
new 
products 
in 
production. 
The 
specifications 
are 


subject 
to change 
without 
notice. 


WARNING: 
Stressing the device beyond the "Abso- 


lute 
Maximum Ratings" may 
cause permanent 
damage. These are stress ratings only. Operation 
beyond the "Operating Conditions" is not recom- 
mended and extended exposure beyond the "Oper- 
ating Conditions" may affect device reliability. 


4.2 
Operating Conditions 


Table 12. 
80L960JAlJF 
Operating 
Conditions 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


Vcc 
Supply Voltage 


80L960JAlJF-25 
3.0 
3.6 
V 
80L960JAlJF-16 
3.0 
3.6 


fCLKIN 
Input Clock Frequency 


80L960JAlJF-25 
8 
25 
MHz 
80L960JAlJF-16 
8 
16.67 


Tc 
Operating 
Case Temperature 


A80L960JAlJF-25 
(132 PGA) 
0 
100 
·C 


A80L960JAlJF-16 
(132 PGA) 
0 
100 


NG80L960JAlJF-25 
(132 POFP) 
0 
100 
NG80L960JAlJF-16 
(132 POFP) 
0 
100 
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SOL960JAlJF, 
since 
the 
processor 
can 
cause 
transient 
power surges. 


pins if the TAP Controller 
will not be used. 


Pins 
Identified 
as NC must 
not 
be connected 
in 
the system. 


4.4 
DC Specifications 


Table 
13. 80L960JAlJF 
DC Characteristics 


Symbol 
Par"meter 
Mln 
Typ 
Max 
Units 
Notes 


Vll 
Input Low Voltage 
-0.3 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+0.3 
V 


VOl 
Output 
Low Voltage 
0.4 
IOl = 3 mA 
0.2 
IOl = 100 IlA 


VOH 
Output 
High Voltage 
2.4 
V 
V 
IOH = -3 mA 
Vcc - 0.2 
IOH = -100 IlA 


VOlP 
Output 
Ground 
Bounce 
<O.S 
V 
(1,2) 


CIN 
Input Capacitance 
fCLKIN = fMIN (2) 
PGA 
12 
pF 
POFP 
10 


COUT 
1/0 or Output 
Capacitance 
fCLKIN = fMIN (2) 
PGA 
12 
pF 
POFP 
10 


CClK 
CLKIN Capacitance 
PGA 
12 
pF 
fCLKIN = fMIN (2) 
POFP 
10 


NOTES: 


1. 
Typical 
is measured 
with Vcc = 3.3V and temperature 
= 25 ·C. 


o 2. 
Not tested. 
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Table 
14. 
80L960JAlJF 
Icc Characteristics 


Symbol 
'. 
Parameter 
Typ 
Max 
Units 
Notes 


Ill, 
Input Leakage 
Current for 
±1 
JlA 
o s V1N:S;Nee 
each pin except TCK, TOI, 
TRSTand 
TMS 


ILI2 
Input Leakage 
Current for 
-140 
-250 
JlA 
VIN = 0.45V (1) 
TCK, TOI, TRST and TMS 


ILO 
Output 
Leakage 
Current 
±1 
JlA 
0.4:S; VOUT:S;Vee 


Ice Active 
80960JAlJF-25 
284 
mA 
(2,3) 
(Power 
Supply) 
80960JAlJF-16 
184 
(2,3) 


Ice Active 
80960JAlJF-25 
225 
mA 
(2,4) 


(Thermal) 
80960JAlJF-16 
165 
(2,4) 


Ice Test 
Reset mode 
(Power 
modes) 
80960JAlJF-25 
200 
mA 
(5) 


80960JAlJF-16 
150 
(5) 


Halt mode 


, 


80960JAlJF-25 
26 
(5) 


80960JAlJF-16 
16 
(5) 


ONCE mode 
10 
(5) 


NOTES: 


1. 
These pins have internal 
pull up devices. 
Typical 
leakage current is not tested. 
2. 
Measured 
with device operating 
and outputs 
loaded to the test condition 
in Figure 6, AC Test Load (pg. 
30). 
3. 
Ice Active 
(Power 
Supply) 
value 
is provided 
for selecting 
your system's 
power 
supply. 
It is measured 
using one of the worst case instruction 
mixes with vcc = 3.6V. This parameter 
is characterized 
but not 
tested. 


4. 
Ice Active (Thermal) 
value is provided 
for your system's 
thermal 
management. 
Typical 
Ice is measured 
with Vee = 3.3V and temperature 
= 25° C. This parameter 
is characterized 
but not tested. 
5. 
Ice Test (Power 
modes) 
refers to the Ice values 
that are tested 
when the processor 
is in Reset mode, 
Halt mode or ONCE 
mode with vcc = 3.6V. 
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4.5 
AC Specifications 


The 80L960JAlJF 
AC timings 
are based upon device characterization. 


Table 
15. 80L960JAlJF 
AC Characteristics 
(25 MHz) (Sheet 
1 of 2) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


INPUT CLOCK 
TIMINGS 


TF 
CLKIN Frequency 
8 
25 
MHz 
0' 


Tc 
CLKIN Period 
40 
125 
ns 


Tcs 
CLKIN Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN 
High Time 
12 
ns 
Measured 
at 1.5 V (1) 


TCL 
CLKIN 
Low Time 
12 
ns 
Measured 
at 1.5 V (1) 


TCR 
CLKIN 
Rise Time 
. 
4 
ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN Fall Time 
4 
ns 
2.0 V to 0.8 V (1) 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


TOV1 
Output Valid Delay, Except 
4.0· 
18 
ns 
(3) 
ALE/ALE 
Inactive and DT/R 


TOV2 
Oufput Valid Delay, DT/R 
0.5Tc 
+ 4.0 
0.5Tc 
+18 
ns 


TOF' 
Output 
Float Delay 
4.0 
16 
ns 
(4) 


SYNCHRONOUS 
INPUT TIMINGS 


TIS1 
Input Setup to CLKIN - 
9 
ns 
(5) 
AD31 :0, NMI, XINT7:0 


TIH1 
Input Hold from CLKIN - 
1 
ns 
(5) 
AD31 :0, NMI, XINT7:0 


TIS2 
Input Setup to CLKIN - 
10 ' 
ns 
(6) 
RDYRCV 
and HOLD 


TIH2 
Input Hold from CLKIN - 
1 
ns 
(6) 
RDYRCV 
and HOLD 


TIS3 
Input Setup to CLKIN- 
8 
ns 
(7) 
RESET 
. 


TIH3 
Input Hold from CLKIN - 
1 
ns 
(7) 
RESET 


TIS4 
Input Setup to RESET - 
8 
ns 
(8) 
ONCE, 
STEST 


NOTE: 
See Table 16 on page 27 for note definitions 
for this table. 
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Table 
15. 
80L96OJAlJF 
AC Characteristics 
(25 MHz) (Sheet 2 of 2) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TIH4 
Input Hold from RESET - 
1 
ns 
(8) 
ONCE. 
STEST 


RELATIVE 
OUTPUT 
TIMINGS 


TLXL' 
ALE! ALE Width 
(9) 


TLXA 
Address 
Hold from ALE/ALE 
0.5Tc 
-7.5 
Equal Loading 
(9) 


Inactive 
ns 


Toxo 
OTIR Valid to DEN Active 
,- 
Equal Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TesF 
TCK Frequency 
0.5TF 
MHz 


TeSCH 
TCK High Time 
15 
ns 
Measured 
at 1.5 V (1) 


TeSCL 
TCK Low Time 
15 
ns 
Measured 
at 1.5 V (1) 


TeSCR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TeSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TeSIS1 
Input Setup to TCK - 
TOI. 
4 
ns 
TMS 


TeSIH1 
Input Hold from TCK - 
TOI. 
6 
ns 
TMS 


Tesovi 
TOO Valid Delay 
3 
30 
ns 
(1. 10) 


Tesosi 
TOO Float Delay 
3 
36 
ns 
(1. 10) 


Tesov2 
All Outputs 
(Non-Test) 
Valid 
3 
35 
ns 
(1. 10) 
Delay 
- 


TesoF2 
All Outputs 
(Non-Test) 
Float 
3 
36 
ns 
(1. 10) 
Delay 


TesIs2 
Input Setup to TCK - 
All Inputs 
4 
ns 
(Non-Test) 


TesIH2 
Input Hold from TCK - 
All 
6 
ns 
Inputs (Non-Test) 


NOTE: 
See Table 16 on page 27 for note definitions 
for this table. 


I 
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Table 
16. 
Note 
Definitions 
for Table 
15, 80L960JAlJF 
AC Characteristics 
(25 MHz) (pg. 25) 


NOTES: 


1. 
Not tested. 


2. 
To ensure 
a 1:1 relationship 
between 
the amplitude 
of the input jitter 
and the internal 
clock, 
the jitter 


frequency 
spectrum 
should 
not 
have 
any 
power 
peaking 
between 
500 
KHz 
and 
1/3 of the 
CLKIN 
frequency. 


3. 
Inactive 
ALE/ALE 
refers 
to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 
timings, 
refer to Helativa 
Output Timings 
in this table. 


4. 
A float condition 
occurs when the output current 
becomes 
less than ILO. Float delay is not tested, 
but is 


designed 
to be no longer than the valid delay. 


5. 
AD31:0 
are synchronous 
inputs. 
Setup and hold times must be met for proper processor 
operation. 
NMI 
and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting 
seiup 
and hold time guarantees 
recog- 


nition at a particular 
clock edge. For asynchronous 
operation, 
NMI and XINT7:0 
must be asserted 
for a 
minimum 
of two CLKIN periods 
to guarantee 
recognition. 


6. 
RDYRCV 
and HOLD are synchronous 
inputs. 
Setup and hold times 
must be met for proper 
processor 


operation. 


7. 
RESET may be synchronous 
or asynchronous. 
Meeting setup and hold time guarantees 
recognition 
at a 
particular 
clock edge. 
. 


8. 
ONCE and STEST 
must be stable at the rising edge of RESET for proper operation. 


9. 
Guaranteed 
by design. 
May not be 100% tested. 


10. Relative to falling edge of TCK. 


Table 
17. 
80L960JAlJF 
AC Characteristics 
(16 MHz) (Sheet 1 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


INPUT CLOCK 
TIMINGS 


TF 
CLKIN 
Frequency 
8 
16.67 
MHz 


Tc 
CLKIN Period 
60 
125 
ns 


Tcs 
CLKIN 
Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN High Time 
18· 
ns: 
Measured 
at 1.5 V (1) 


TCL 
CLKIN Low Time 
18 
ns 
Measured 
at 1.5 V (1) 


TCA 
CLKIN 
Rise Time 
6 
ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN Fall Time 
6 
ns 
2.0 V to 0.8 V (1) 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


TOVl 
Output Valid Delay, Except 
4.0 
21 
ns 
(3) 
ALE/ALE 
Inactive 
and DTiFi 


Tov2 
Output Valid Delay, DT/R 
0.5Tc +4.0 
0.5Tc + 21 
ns 


TOF 
Output 
Float Delay 
4.0 
19 
ns 
(4) 
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Table 
17. BOL960JAlJF 
AC Characteristics 
(16 MHz) (Sheet 2 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


SYNCHRONOUS 
INPUT TIMINGS 


T1S1 
Input Setup to CLKIN- 
10 
ns 
(5) 


AD31 :0. NMI. XINT7:0 


TIHl 
Input Hold from CLKIN - 
1 
ns 
(5) 


AD31 :0. NMI. XINT7:0 


T1S2 
Input Setup to CLKIN - 
11 
ns 
(6) 


RDYRCV 
and HOLD 


TIH2 
Input Hold from CLKIN - 
1 
ns 
(6) 
RDYRCV and HOLD 
• 


T1s3 
Input Setup to CLKIN - 
8 
ns 
(7) 


RESET 


T1H3 
Input Hold from CLKIN - 
1 
ns 
(7) 


RESET 


T1S4 
Input Setup to RESET - 
8 
ns 
(8) 


ONCE. 
STEST 


TIH4 
Input Hold from RESET- 
1 
ns 
(8) 


ONCE. 
STEST 


RELATIVE 
OUTPUT 
TIMINGS 


TLXL 
ALE/ALE 
Width 
(9) 


TLXA 
Address 
Hold from ALE/ALE 
0.5Tc.8 
ns 
Equal Loading 
(9) 


Inactive 


Toxo 
DT/R Valid to DEN Active 
Equal Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TBSF 
TCK Frequency 
0.5TF 
MHz 


TBSCH 
TCK High Time 
. 
15 
ns 
Measured 
at 1.5 V (1) 


TBSCL 
TCK Low Time 
15 
ns 
Measured 
at 1.5 V (1) 


TBSCR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TBSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TBS1S1 
Input Setup to TCK - 
TDI. 
4 
ns 
TMS 


TBSIHl 
Input Hold from TCK - 
TDI. 
6 
ns 
TMS 


TBSOVl 
TOO Valid Delay 
3 
30 
ns 
(1. 10) 


TBSOFl 
TOO Float Delay 
3 
36 
ns 
(1. 10) 
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Table 17. 
80L960JAlJF 
AC Characteristics 
(16 MHz) (Sheet 3 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TBSQV2 
All Outputs (Non-Test) 
Valid 
3 
35 
ns 
(1,10) 
Delay 


TBSOF2 
All Outputs 
(Non-Test) 
Float 
3 
36 
ns 
(1,10) 
Delay 


TBSIS2 
Input Setup to TCK - 
All 
4 
ns 
Inputs (Non-Test) 


TBSIH2 
Input Hold from TCK - 
All 
6 
ns 
Inputs (Noll-Test) 


NOTES: 
1. 
Not tested. 


2. 
To ensure 
a 1:1 relationship 
between 
the amplitude 
of the input jitter 
and the internal 
clock, 
the jitter 
frequency 
spectrum 
should 
not 
have 
any 
power 
peaking 
between 
500 
KHz 
and 
1/3 of the 
CLKIN 
frequency. 


3. 
Inactive 
ALE/ALE 
refers to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 
timings, 
refer to Relative Output Timings 
in this table. 


4. 
A float condition 
occurs when the output current 
becomes 
less than ILO' Float delay is not tested, 
but is 
designed 
to be no longer than the valid delay. 


5. 
AD31:0 
are synchronous 
inputs. 
Setup and hold times must be met for proper processor 
operation. 
NMI 
and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting~up 
and hold time guarantees 
recog- 
nition at a particular 
clock edge. For asynchronous 
operation, 
NMI and XINT7:0 
must be asserted 
for a 
minimum 
of two CLKIN periods 
to guarantee 
recognition. 
. 


6. 
RDYRCV 
and HOLD are synchrorious 
inputs. 
Setup and hold times must be met for proper 
processor 


operation. 
7. 
RESET may be synchronous 
or asynchronous. 
Meeting 
setup and hold time guarantees 
recognition 
at a 
particular 
clock edge. 
8. 
ONCE and STEST 
must be stable at the rising edge of RESET for proper operation. 
9. 
Guaranteed 
by design. 
May not be 100% tested. 
10. Relative 
to falling edge of TCK. 
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4.5.1 
AC Test Conditions and Derating Curves 


The AC Specifications in Section 4.5, AC Specifica- 
tions 
are tested with the 50 pF load indicated in 
Figure 6. Figure 7 shows how timings vary with load 
capacitance; Figure 8 shows how output rise and fall 
times vary with load capacitance. 


Output 
Pin 0----1 


CL 
.T 


CL = 50 pF for all signals 


Figure 6. AC Test Load 
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AC Derating. Curves 


nom +6 


> 
III 


@ 
nom +4 


!i).s,.. 
.!l! 
nom +2 
Q)0 
'C 
~ 
" 


nom 
S 
:::l0 


nom ·2 


_ High·to·Low 
Transitions 


--- 
Low-to-Hiqh 
Transitions 


50 
100 


CL(pF) 


150 


Figure 7. Output Delay or Hold vs. Load Capacitance 
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c - 
u;-s 


Q) 
.fI- 
4 


2 


50 
100 
150 


Figure 8. Rise and Fall Time Derating 


4.5.2 
AC Timing 
Waveforms 


1.5V 


2.0V 


o.sv 


~--TCL---+ 


~----- 
Tc-------.I 


Figure 9. 
CLKIN Waveform 
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CLKIN 
[ 
j1.5V 
\ 


I 


1.5Vl 
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I 


~ 
p...----- 


1.5V 
_ 


I 
I 


AD31:0, 
ALE (active), 


ALE (active). 


ADS, A3:2, 


BE3:0, 


WIOTH/HLTD1 
:0, 


Die, WiR, DEN, 


BLAST, LOCK, 


HOLDA, BST AT, FAIL 


Figure 10. 
Output 
Delay Waveform 
for TOV1 


I 
I 


CLKIN [ 


..!1.5V 
\ 
1.5Vf 


I 


AD31:0, 1 


ALE, ALE [ 
ADS, A3:2, 


BE3:0, 


WIDTH/HL 
TD1 :0, 


DIG, WiR, 
DTiR, 


DEN, BLAST, 
LOCK 


Figure 
11. 
Output 
Float Waveform 
for TOF 
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CLKIN 
[ 


AD31:0 
[ 
NMI 
XINT7:0 


I 
I 
I 


Figure 12. Input Setup and Hold Waveform 
for TIS1 and TIH1 


CLKIN 
[ 


HOLD, 
[ 


RDYRCV 


Figure 13. Input Setup and Hold Waveform 
for TIS2 and TIH2 
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CLKIN 
[ 


Figure 14. Input Setup and Hold Waveform 
for TIS3 and TIH3 
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RESET 


ONCE, 
[ 
STEST 


[ 


Figure 15. Input Setup and Hold Waveform 
for TIS4 and TIH4 
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TLXL 


ALE 


ALE [ 


AD31:0 
1.5V 


Figure 16. 
Relative 
Timings 
Waveform 
for T LXL and TLXA 


DEN 
[ 


CLKIN 
[ 
1.5V 


DTiR 
[ 
Valid 


Figure 17. 
DT/R and DEN Timings 
Waveform 
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2.0V 


1.5V 


O.SV 


Figure 
18. TCK Waveform 


TCK [ 
1.5V 


Te5151 


TMS [ 
TOI 
1.5V 
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Figure 19. Input Setup and Hold Waveforms 
for TBSIS1 and TBSIH1 


" 
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1.5V 


TOO [ 


Figure 
20. 
Output 
Delay and Output 
Float 
Waveform 
for TBSOV1 AND T BSOF1 


Non-Test 
[ 
Outputs 
_---....J 


Figure 21. Output 
Delay and Output 
Float Waveform 
for TBSOV2 and TBS~F~ 
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Non-Test 
Inputs [ 
.---lo_'V f 
V.lid f_10_5V 
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Figure 22_ 
Input Setup and Hold Waveform 
for TBSIS2 and TBSIH2 
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5.0 
BUS FUNCTIONAL 
WAVEFORMS 


Figures 
23 through 
28 illustrate 
typical 
80L960JAlJF 
bus transactions. 
Figure 
29 depicts 
the bus arbitration 
sequence. 
Figure 
30 illustrates 
the processor 
reset sequence 
from the time power 
is applied 
to the device. 


Figure 31 illustrates 
the processor 
reset sequence 
when the processor 
is in operation. 
Figure 32 illustrates 
the 
processor 
ONCE 
sequence 
from 
the 
time 
power 
.is applied 
to the 
device. 
Figures 
33 
and 
34 also 
show 
accesses 
on 32-bit buses. Tables 
18 through 
21 summarize 
all possible 
cornbinatlons 
of bus accesses 
across 
8-,16-, 
and 32-bit buses according 
to data alignment. 


CLKIN 
[ 


T, 
I 
Tj 
I 
Tj 
r, 
I r, 
r, 


AD31:0 [I~ 
Invalid; 'S_,...._D_A-,T_A_O_u_t,...._.,.. 


ALE 
[ J\: 
:1\: 


, 
~,---,,----~--~--~ 
~,---"----~---"--,,,, 
U 
U 


A3:2r J 
I 


:\) 
;\L.-.,-~I 


WIDTH1:0 [ 
J--_: _1_0_----..--- 
•••• 
: 
---- 
__1-0_--_---- 
_ 


]~---,----,-~I 


W/R 
[ l 
----'---...:...........---'-I: I 


• I 


ADS 
[ 
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Without 
Wait States, 
32-Bit 
Bus 
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Figure 25. Burst Write Transactions 
With 2,1,1,1 Wait States, 32-Bit Bus 


J PRELIMINARY 


1-271 


1-272 


·~~: __~__~__~:r-\L:__~__~__~__~~~ 


I 


[ 
"'7'\. 
I I 
1 \ 
i I 


ADS 
i·U 
1 L.;J 


] 
00,01,100' 
11 
X\",,-.., __ 
..,.0_0,_0_1,_10..,.0_'_1_1 
__ 
.....,__ 
..,. 


1 


: \ 
000,10 1'0) :\\",,-..,,_0_0_,...: F[j) 
11: 


J 
00 
: 
00: 


ALE[ 


A3:2[ 


BE1/A1[ 
BEO/AO 


WIDTH1:0[ 


DEN[ 


RDYRCV 
[ 


! 
I 
I 


~I....--------JI 
l 
1 
:',--,...----,---,---1 -...,.....---.,. 


I 
I 
1 
1 
1 


--------I 
\ 
1I~~~~I 
\ 
1J7 


1 L.:.J 
1 L..!J 
I 


I 
I 
I 
1 
1 
I 


~: 
/: 


1 
I 
1 


----':\ 
:/ 
:\~~---.:..I:r: 


....................\..a....;,,:riD :\"' 
\.1......;.:{]jjjJ:if: 


I 
I 
I 


Figure 26. Burst 
Read and Write Transactions 
Without 
Wait States, 8-Bit Bus 


PRELIMINARY I 


intel· 
BOL960JAlJF 


CLKIN 


AD31:0 


BE1/A1 


BE3/'BHE 


BEO/BLE 


WIDTH1:0 


BLAST 


RDYRCV 
[ 


ALE 


[ 
[ 
[ 
[1] 


~ 
~~ 
__ ~ 
__ ~OO 
__'0_1'_10~'_Or_1_1~ 
__ ~ 
__~X~~ 
00_'0_1_'1_0'_O~r_11 
__ ~ 
_ 


1 
[l~--:__ 
O--::.....--:..1 
I 
1; 
: \ 
0 
:,"-1-1--- 


1 
I 
I 
1 


[ 
:\t--.:.-':"'-~: t=:\t--.:.--"----'--"""""': 
,: 
I 
1 
1 


[ 
) 
01 
~~_01__==__ 


[ ]-_----1 


1 


/ 


[ 
...,....a....1 .,..--.,...-.-,~____,Jj 
[ 
[~: 


I 
-,.....:..... 
__ 
...:... 
__ 
...;.,1 
1 
I 


[ 
-;-T\'--..:...-....i.~ 
:\'--~~: r: 


; 
I 
ill 
1 
1 
I 
I 
E--7-®-®~-..I.,: BI.-._Dt_~_A-..IX D~t 


~: 
:{"""\~:----:----~--+---~ 


ADS 
\J 
I 
I 


1 


A3:2 


Die 


W/R 
I 


1 
I 
I 


i\ 
1/~~j\ 
Ir 


i~ 
.'L~I 
I 
I 
1 
I 
I 


1 
I 


1 
DT/R 


Figure 27. Burst Read and Write Transactions With 1,0 Wait States 
and Extra Tr State on Read, 16-Bit Bus 
IPRELIMINARY 
1-273 


80L960JAlJF 
intel· 


T. 
Td 
T, 
T. 
Td 
T, 
T. 
Td 
T, 
T. 
Td 
T, 


CLKIN [ 


AD31:0 [ 
i!\: 


, 
r\ 
ALE [ 
:!\ 
. 
I 


ADS [ 


A3:2 [ 
~ 


I 
00 
00 
:/ 
01 
X 
10 
[ ) 


I 
I 
\ 


, 


BE3:0 
1101 7 :\ 
0011 
7 
0000 
:/ :\ 
1110 7 
I 
i 
I 


WIDTH1:0 [ ] 
10 
, 


Die [ ) 
, 
Valid: 


W/R [ ) 


BLAST [ 


DTiR"[ :'\ 


DEN [ 


RDYRCV [ :\ 
\il/ 
\ 
\:0:\ 
\ fT: 


i 
, . 


Figure 28. 
Bus Transactions 
Generated 
by Double Word Read Bus Request, 
Misaligned 
One Byte From Quad Word Boundary, 
32-Bit Bus, Little Endian 


1-274 
PRELIMINARY 


J 


intel· 
80 L960JAlJF 


T1orT, 
Th 
Th 
r, or T. 


CLKIN 
[ 


I 
I 
I 
Outputs: 
I 
I 
AD31:0, 
I 
I 
ALE, ALE, 


:: ' :~: 
!~ 


ADS,A3:2, 
[ 
Valid 
Valid 
BE3:0, 
WIDTH/H!:..TD1 ;Q, 
i 
D/C, 
W/R, 
I 
I 
I 
DT/A. 
DEN, 
I 
I 
I 
BLAST, LOCK 
I 
I 
l 
I 
I 
I 
I 
I 
[lIlT! 


I Tt 


I 


HOLD 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 


HOLDA 
[ 
I 
:'1 


o i 
I 
I 
(Note) 
I 
I 
I 
& 
I 


! 
I 
I 
I 
I 


NOTE: HOLD is sampled 
on the rising edge of CLKIN. 
The processor 
asserts 
HOLDA to grant the bus on the 
same edge in which 
it recognizes 
HOLD if the last state was TI or the last T, of a bus transaction. 
Similarly, 
the processor 
deasserts 
HOLDA on the same edge in which 
it recognizes 
the deassertion 
of HOLD. 


Figure 29. 
HOLDIHOLDA 
Waveform 
For Bus Arbitration 


I PRELIMINARY 
1·275 


---ALE, AllS, [ 
BE3:0. 
DEN. 
BLAST 


ALE,W/R, 
DT/R[ 
WIDTH/HLTD1:0 


!!I 
FAIL [ 


~ 
AD31:0, 
A3:2,D/C 
[ 


c.>? 


...•. 


'"Cl 


ooa: 
::u 
CD 
1/1 
la 
~ 
III< 
~ 
3 


"0 
:DmC3:z» 
:D-< 


CLKIN 
[ ~I\.J'lI\J\f\f\f 


VCC 
[ ~I" 
Y 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
. 
':I':n 
I 
, 
, 
I 


----tl 
~ 
.1 
I 
' , 
i 
I 
. 
I 
I 


~:'\'II 
,,'o, 


':1' 
' 
. " 
," 
~ 
, 
. 


----tl 
. 
1 
\ 
'n 
" 
~ 
':I~I 
,I, 
--tl 
. 
, I~I 
Idle (Note 2) 


, 
I 
I 
i 


HOLD 
[ 
. --tl 
..',~",,;•.• 
,••••.• 
---'*- 
'X ':: 
ValKl~PUt (~ote ;) 


----tl 
~ 
::: 
~~~ 
ValKlOJtput (Note 3) 


,:t 
I 
"U:'\ 
"." 
" 
~ 
,'I) 
11' It! 
I 
(InPUt): 


STEST 
[ ----tl 
~t'f; 
I 
:,~ 
(V;'Kl 
)' 
"I 


RESET 
[ 
, 
I 
;, 
, 
, 
----+1 
. 
' 
,~ 
I 
:11: 
I 
:H 
.t . 
, 


V8'c.~nd CLKIN stable to RESET Hig" ";inimlm': 
IBuik-~ se~ 


1 ,.000 CLKIN penods, for PLL stabilization. 
' 
414,000 Cl 


, 
. 
I 
" 
': 
(if selecteo 


----tl 


HOLDA[ 


LOCKI 
[ 
ONCE 
---11 


Notes: 
1. The processor 
asserts 
FAIL during buitt-n 
self-test 
If self- test pa~ 
the FAiL pin is deasserted.The 
processor 


durng 
the bus confidence 
test 
If the bus confidence 
test passes, 
FAIL is deasserted 
and the processor 
begns 
u 


2. If the processor 
fails buitt-in ser-test, 
~ nitiates 
one dummy 
load bus access. The load address 
indicates 
the por 


3. Since the bus is idle, hold requests 
are honored 
during reset and bujlt-in sejt-test, 


"'0 
::Dm 
C 
I 
3: 
CLKIN [ 
Z 
:t> 
::D 
I 
AlE, 
ADS, BE3:0, 
[ 
-< 
DEN,BLAST 


AlE, 
W/R,DT IR, BSTAT, 
[ 
WIDTHIHL TD1:0 


'TI 
FAIL 
[ 
ca'c.. 


AD31:0, 
A3:2, DIG 
[ 


ID 


Co) 
:-" 


I1 
HOLD [ 


ml 
HOLDA [ 
! 
=e 
----- [ 
I» 
LOCK/ONCE 
< 
ID- 
0 
[ 
.. 
3 
STEST 


RESET [ 


...•. 
ro 
:::l 


1 


1 
hh h h'" 
, 
: ~~ ~ u ~!\.J\j 


------..:..--!...7...!--..!.--~-~1 : 
1 
1 
1 
: 
1 
1 
1 
tr-r--t 
I 
I 
I 
I 
li 
i 
: 
I 
11' 
I 
: 


r ' 
t 
i 
i 
i 


I 
t 
I 
I 
I \ 
: 
I 
I 
I 
I 
It......: 


I 
I 
I 
I 
I 
I 
I 
_I 
I: 
1r-. 
11 
'~ 


~' 
'-'I~ 
, '" 
'" 
'b=!I:, 
, 
'I~ 
, 
, 
I' 
I~ 
[ 


.1 
, 
nl 
i 
i 
i 
l: 


• 
I 
d~ 


Maximum 
RESET 
Low to Reset State 
4 CLKIN Cvcles 


.. 


Minimum 
RESET Low Time 
15 CLKIN Cycles 


I 
'I 
' 
Ir--' 
11' 
•• RESET 
High to First Bus 
Activity, 
46 CLKIN Cydes- 


-- 
~<£ 


Qj)o!;; 
01or... 


~." 


..• 
N 
-.,j 


CIO 


."0 
lJm 
C 
s::-z» 
lJ-< 


CLKIN may not be allowed 
to float. 


It must be driven high or low or continue 
to rl!n. 


." 
cC' 
I:;; 


Co)~ 
m 
;:,i..• 
5' 
cc.. 
:::T 
CDozomi 
CD 


CLKIN 
[ -vlf\JV\J\J\},V\JV\fV\J\J\ 
I \ 1\ I \ Y \ 1 \ !\ 1 \ 


[ 


. 
I 
I 
I 
i 
I 
I 
I 
I 
; 
I 
I 
41 
j 
~ 
! 


Vcc 
~l 
II 
. 
'11 
,.,!, 
II 
' 
, 
" 


__ 
,'" 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I 
, 
I 
; 
I 
I 


__ 
ALE, ADS, [ 
~ 
:'1:11, 
: 
I 
: 
L: 
: : ( : 


BE3:0,DEN,BLAST 
---;1 
~l 
I 
' 
; ..,....,. 
-11-,- 
,.....,.... 
_ 
I 
, 
i 
I 
I 
I 
I 
I 
I 


ALE,W/R, 
[ 
~ 
:1 
' \ 
,,' 
"" 
I 
, 


DT/R, 
WIDTH/HLTD1:0 
~l 
~l 
I I 
' 
, 
: 
' r > 
-r 
-il-, 
- 
.-- .••• 
j 
it 
I 
I 
I 


FAIL [~l 
~: 
::---=):u 
:: 
'r 
...;..~ -h-.- .--~ .. 


AD31:0,A3:~[ 
:'l~l 
,i 
i 
: 
: 
:: 
: 


D/C 
~l 
~ 
,l~l 
}-.----tl-'-'- 


I 
. 
I 
I 
I 
I 
I 
I 
I 


HOLD 
[ 
~""""";""-:T""'7tlr· 
.."rH 
' 
' 
, 
I 


___ 
/la,,,.!.!.;. 
:">;;&F11* ':),Yt-I 
....• 
,....-" 
•..•""":'------------------ 
':'l~'" 
" 
HOLDA 
[ 
~ 
I" 
' 
~l 
~l, 
,I 
" 
)- 
,- 
or- ~l"'" 
-,- 


l.O.CKL 
[ 
~iI~k 
'@.!'.•• 
~'!! 
•• 
' 
, 
ONCE 
~l 
~~ 
'h. m 
,"',f'(': 
>, I' 
I 
Ut-.••••_-_ 
•••••••.• 


STEST 
[ ---tl 
""'El' 
," 
! W 
e@"'rt"""' ••••.•...;...;.••• 


__ 
[ 
" 
I 
RESET 
~ 
" 
I 
~l 
' 
11' 
'Ill 
,',. 
'h': : : : ; : : : 
!N,ote,1) 
I, 
,I, 
I 
I 
'.' 


VCC and CLKIN 
stable to RESET High, 
: 


minimum 
10,000 CLKIN periods, 
er PLL 
stabUization. 


..• 


1. 


NOTES: 


1. ONCE 
mode may be entered 
prior to the rising edge of RESET: ONCE input is not latched 
until the rising edge of RESET. 


2. The ONCE 
input may be removed 
after the processor 
enters ONCE Mode. 
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Table 19. Summary of Byte Load and Store Accesses 


Address Offset from 
Accesses on 8-Blt Bus 
Accesses on 16 Bit Bus 
Accesses on 32 Bit Bus 
Natural Boundary 
(WIDTH1:0=00) 
(WIDTH1:0=01) 
(WIDTH1:0=10) 
(in Bytes) 


+0 (aligned) 
• byte access 
• byte access 
• byte access 


Table 20. Summary of Short Word Load and Store Accesses 


Address Offset from 
Accesses on 8-Bit Bus 
Accesses on 16 Bit Bus 
Accesses on 32 Bit Bus 
Natural Boundary 
(WIDTH1:0=00) 
(WIDTH1:0=01) 
(WIDTH1:0=10) 
(in Bytes) 


+0 (aligned) 
• burst of 2 bytes 
• short-word access 
• short-word access 


+1 
• 2 byte accesses 
• 2 byte accesses 
• 2 byte accesses 
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- - - - 
- 
-- 


burst of 4 short words 
burst of 2 short words 
• case n=4: 


2 bursts of 4 short words 


+1 (n=1, 
2, 3, 4) 
• byte access 
• byte access 
• byte access 
+5 (n= 
2,3,4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+9 (n= 
3, 4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst(s) of 2 short words 
• n-1 word access(es) 


+13(n=3,4) 
• byte access 
• byte access 
• byte access 


+2 (n=1, 
2, 3, 4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+6 (n= 
2,3,4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst(s) of 2 short words 
• n-1 word access(es) 


+10 (n ="3, 4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+14(n=3,4) 


+3 (n=1, 
2, 3, 4) 
• byte access 
· byte access 
• byte access 
+7 (n= 
2,3,4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst( s) of 2 short words 
• n-1 word access(es) 


+11 (n=3,4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 


+15(n=3,4) 
• byte access 
• byte access 
• byte access 


+4 (n= 
2, 3, 4) 
• n burst(s) of 4 bytes 
• n burst(s) of 2 short words 
• n word access(es) 


+8 (n= 
3, 4) 
+12(n=3,4) 
.- 
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Figure 33. 
Summary 
of Aligned 
and Unaligned 
Accesses 
(32-Bit 
Bus) 


If>RELlMINARY 
1-281 


80L960JAlJF 
intet~ 


1-282 


Word Offset 


Triple-Word 
Load/Store 


Quad-Word 
Load/Store 


o 
4 
8 
12 
16 
20 
24 


o 
3 
2 


Short, Word, Word, 
Short Accesses 
. 


Byte, Word, Word, 
Short, 
eyte Accesses 


Figure 34_ Summary 
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and Unaligned 
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(32-Bit 
Bus) (Continued) 
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6.0 
DEVICE IDENTIFICATION 


80L960JAlJF processors may be identified electrically according to device type and stepping (see Table 22). 
The 32-bit identifier is accessible in three ways: 


• Upon reset, the identifier is placed into the gOregister. 
• The identifier may be accessed from supervisor mode at any time by reading the DEVICEID register at 
address FF008710H. 


• The IEEE Standard 1149.1 Test Access Port may select the DEVICE ID register through the IDCODE 


instruction. 


The device and stepping letter is also printed on the top side of the product package. 


Table 22. 80L960JAlJF Die and Stepping Reference 


Device and 
Version 
Part Number 
Manufacturer 
X 
Complete ID 
Stepping 
Number 
(Hex) 


80L960JA A, A2 
0000 
0000 100000100001 
00000001 001 
1 
00821013 


80L960JF A, A2 
0000 
0000 1000 0010 0000 
00000001 001 
1 
00820013 


NOTE: 
This data sheet applies to the 80L960JAlJF A and 80L960JAlJF A2 steppings. 


7.0 
REVISION HISTORY 


This data sheet supersedes revision 272744-001. Table 23 indicates significant changes since the previous 
revision. 


Table 23. Data Sheet Version -001 to -002 Revision History 
(Sheet 1 of 2) 


Table 14. 8OL96OJNJF ICC Characteristics (pg. 24 
) 
'cc 
Active (Power Supply): 
80L960JNJ 
F·25 improved 
from 
330 mA to 284 mA, 80L960JNJ 
F·16 improved 
from 220 mA to 
184 mA. Ice Active 
(Thermal) 
8OL96OJNJ 
F·25 changed 
from 
225 mA to 255 mA. lee Test (Power 
Modes): 
added 
Reset lee 
values, 
80L960JNJ 
F·16 improved 
from 21 mA to 16 mA, 


ONCE mode improved 
from 
12 mA to 10mA. 


Section 4.5, AC Specifications (pg. 25 
) 
Grouped 
AC Specifications 
tables 
by frequency. 
Added 
16 
MHz AC specifications. 


Table 15, 8OL96OJNJF AC Characteristics (25 MHz) 
Tov1 (min) improved 
from 4.5 ns to 4.0 ns. Tov1 (max) improved 


(pg. 25 ) Section 
SYNCHRONOUS 
OUTPUT 
from 19 ns to 18 ns. Tov2 (max) improved 
from 0.5T c + 16 ns to 
TIMINGS 
0.5Tc + 18 ns. TOF(rnln) improved 
from 4.5 ns to 4.0 ns. TOF 


(max) improved 
from 13 ns to 16 ns. 


Table 15, 8OL96OJNJF AC Characteristics (25 MHz) 
TIS1 (m in) improved 
from 
10 ns to 9 ns. TIH1 (min) improved 


(pg. 25 ) Section 
SYNCHRONOUS 
INPUT 
TIMINGS 
from 3 ns to 1 ns. T1S2(min) improved 
from 11 ns to 10 ns. TIH2 
(m in) improved 
from 3 ns to 1 ns. T1S3(min) improved 
from 9 ns 
to 8 ns. TIH3 (min) improved 
from 3 ns to 1 ns. TIS4 (min) 
improved 
from 9 ns to 8 ns. TIH4 (min) improved 
from 3 ns to 1 


ns. 


Table 15, 8OL96OJNJF AC Characteristics (25 MHz) 
TLXL' T LXA' and TDXD (min) improved 
from .5T C ·6.5 
ns to .5T c 
(pg. 25 ) Section 
RELATIVE 
OUTPUT 
TIMINGS 
·7.5 
ns. 
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Table 23. 
Data Sheet Version 
-001 to -002 Revision 
History 
(Sheet 2 of 2) 


Table 15, 80L960JA'JF AC Characteristics (25 MHz) 
(pg. 25 ) Section 
BOUNDARY 
SCAN TEST 
SIGNAL 
TIMINGS 


1-284 


T BSISl 
(min) improved 
from 8 ns to 4 ns. T BSIHl (min) improved 
from 
10 ns to 6 ns. TBSOV2 (max) improved 
from 30 ns to 35 ns. 


T BSIS2 (min) improved 
from 8 ns to 4 ns. T BSIH2 (min) improved 
from 
10 ns to 6 ns. 
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Sixteen 32-Bit Local Registers (8 sets) 
Nine Addressing 
Modes 
User/Supervisor 
Protection Model 
• 
Two-Way Set Associative 
Instruction 
Cache 
80960JD - 4 Kbyte 
- 
Programmable Cache Locking 
Mechanism 
• 
Direct Mapped Data Cache 
- 
80960JD - 2 Kbyte 
- 
Write Through Operation 


• 
On-Chip Stack Frame Cache 
Seven Register Sets Can Be Saved 
Automatic Allocation 
on Call/Return 
0-7 Frames Reserved for High-Priority 
Interrupts 


• 
On-Chip Data RAM 
1 Kbyte. Critical Variable Storage 


-- 
Single-Cycle Access 


- 
Conditional 
Add, Subtract and Select 
- 
Processor Management 
• 
High-Speed Interrupt Controller 
31 Programmable Prioritie~ 
- 
Eight Maskable Pins plus NMI 
- 
Up to 240 Vectors in Expanded Mode 


• 
Two On-Chip Timers 
Independent 32-Bit Counting 
- 
Clock Prescaling by 1, 2, 4 or 8' 


- 
Internal Interrupt Sources 


• 
Halt Mode for Low Power 
• 
IEEE 1149.1 (JTAG) Boundary Scan 
Compatibility 


• 
Packages 
132-Lead Pin Grid Array (PGA) 
- 
132-Lead Plastic Quad Flat Pack (PQFP) 
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1.0 
PURPOSE 


This document contains advance information for the 
80960JD microprocessor, including electrical charac- 
teristics and package pinout information. Detailed 
functional 
descriptions - 
other than parametric 
performance - 
are published in the i96cfY Jx Micro- 
processor 
User's Guide (272483). 


Throughout this data sheet, references to "80960Jx" 
indicate features which apply to all of the following: 


• 80960JA - 
5V,2 Kbyte instruction cache, 1 Kbyte 
data cache . 


• 80960JF - 
5V,4 Kbyte instruction cache, 2 Kbyte 
data cache 
• 80960JD - 
5V, 4 Kbyte instruction cache, 2 Kbyte 
data cache and clock doubling 
• 80L960JA - 
3.3 V version of the 80960JA 
• 80L9'60JF- 
3.3 V version of the 80960JF 


2.0 
80960JD OVERVIEW 


The 
80960JD 
offers high performance to 
cost- 
sensitive 
32-bit 
embedded 
applications. 
The 
80960JD is object code compatible with the 80960 
Core 
Architecture 
and 
is 
capable 
of 
sustained 
execution at the rate of one instruction per clock. 
This 
processor's 
features 
include 
generous 
instruction cache, data cache and data RAM. It also 
boasts a fast interrupt mechanism, dual program- 
mable timer units and new instructions. 


The 80960JD's clock doubler operates the processor 
core at twice the bus clock rate to improve execution 
performance without increasing the complexity of 
board designs. 


Memory subsystems for cost-sensitive embedded 
applications 
often 
impose substantial 
wait 
state 
penalties. 
The 
80960JD 
integrates 
considerable 
storage 
resources 
on-Chip 
to 
decouple 
CPU 
execution from the external bus. 


The 80960JD rapidly allocates and deallocates local 
register sets during context switches. The processor 
needs to flush a register set to the stack only when it 
saves more than seven sets to its local register 
cache. 


A 32-bit multiplexed burst bus provides a high-speed 
interface 
to 
system 
memory 
and 
1/0. 
A 
full 
complement 
of 
.controt 
signals 
simplifies 
the 
connection of the 80960JD to external components. 
The user programs physical and logical memory 
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attributes through memory-mapped control registers 


t 
(MMRs) - 
an extension not found on the i960 Kx, 
Sx or Cx processors. Physical and logical configu- 
ration registers enable the processor to operate with 
all combinations of bus width 
and data 
object 
alignment. The processor supports a homogeneous 
byte ordering model. 


This processor integrates two important peripherals: 
a timer unit and an interrupt controller. These and 
other hardware resources are programmed through 
memory-mapped control registers, an extension to 
the familiar 80960 architecture. 


The timer unit (TU) offers two independent 32-bit 
timers for 
use as 
real-time system clocks and 
general-purpose system timing. These operate in 
either single-shot or auto-reload mode and can 
generate interrupts. 


The interrupt controller unit (ICU) provides a flexible 
means for requestlnq interrupts. The ICU provides 
full programmability of up to 240 interrupt sources 
into 31 priority levels. The ICU takes advantaqe of a 
cached priority table and optional routine caching to 
minimize interrupt latency. Clock doubling reduces 
interrupt 
latency 
by 
40% 
compared 
to 
the 
80960JNJF. Local registers may be dedicated to 
high-priority interrupts to further 
reduce latency. 
Acting 
independently 
from 
the 
core, 
the 
ICU 
compares the priorities of posted interrupts with the 
current process priority, off-loading this task from the 
core, The ICU also supports the integrated timer 
interrupts. 


The 80960JD features a Halt mode designed to 
support applications where low power consumption 
is critical. The halt instruction shuts down instruction 
execution, resulting in a power savings of up to 90 
percent. 


The 80960JD's testability features, including ONCE 
(On-Circuit Emulation) mode and Boundary Scan 
(JTAG), provide a powerful environment for design 
debug and fault diagnosis. 


The Solutions960® 
program features a wide variety 
of 
development 
tools 
which 
support 
the 
i960 
processor family. Many of these tools are developed 
By partner companies; some are developed by Intel, 
such as profile-driven optimizing 
compilers. 
For 
more information on these products, contact your 
local Intel representative. 


1-287 


80960JD 
intel· 


PLL, Clocks, 
Power Mgmt 


TAP 
o+s+ 
L...- 
..1 


Boundary 
Scan 
Controller 


8-Set 
Local 
Register 
Cache 


128 


Global/Local 


Register 
File 


SRC' 
SRC2 
DEST 


4 KByte 
Instruction 
Cache 
Two-Way Set Associative 


Multiply 
Divide 
Unit 


effective 
address 


1 Kbyte 


Data RAM 


2 Kbyte 
Direct Mapped 
Data Cache 


3 Independent 
32-Bit SRC1, 
SRC2, 
and DEST 
Buses 


Figure 2_ 80960JD 
Block Diagram 


2.1 
80960 Processor 
Core 


The 80960Jx family is a scalar implementation of the 
80960 
Core 
Architecture. 
Intel 
designed 
this 
processor core as a very high performance device 
that is also cost-effective. Factors that contribute to 
the core's performance include: 


• Core operates at twice the bus speed (80960JD 
only) 


• Single-clock execution of most instructions 
• Independent Multiply/Divide Unit 
• Efficient instruction pipeline minimizes pipeline 
break latency 


• Register and resource scoreboarding allow 
overlapped instruction execution 
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• 128-bit register bus speeds local register caching 
• 4 Kbyte two-way set associative, integrated 
instruction cache 


• 2 Kbyte direct-mapped, integrated data cache 
• 1 Kbyte integrated data RAM delivers zero wait 
state program data 


2.2 
Burst Bus 


A 32-Elit high-performance bus controller interfaces 
the 80960JD to external memory and peripherals. 
The BCU fetches instructions and transfers data at 
the rate of up to four 32-bit words per six clock 
cycles. The external address/data 
bus is multi- . 


plexed. 


PRELIMINARY I 


Users may configure the 80960JO's bus controller to 
match an application's fundamental memory organi- 
zation. Physical bus width is register-programmed 
for up to eight regions. Byte ordering and data 
caching are programmed through a group of logical 
memory templates and a defaults register. 


The BCU's features include: 


• Multiplexed external bus to minimize pin count 
• 32-,16- and 8-bit bus widths to simplify I/O 


interfaces 


• External ready control for address-to-data, data-to- 
data and data-to-next-address wait state types 
• Support for big or little endian byte ordering to 
facilitate the porting of existing program code 
• Unaligned bus accesses performed transparently 
• Three-deep load/store queue to decouple the bus 
from the core 


Upon reset, the 80960JO conducts an internal self 
test. Then, before executing its first instruction, it 
performs 
an 
external 
bus 
confidence 
test 
by 
perfQrming a checksum on the first words of the 
Initialization boot record (IBR). 


The user may examine the contents of the caches at 
any time by executing special cache control instruc- 
tions. 


2.3 
Timer Unit 


The timer unit (TU) contains two independent 32-bit 
timers which are capable of counting at several clock 
rates and generating interrupts. Each is programmed 
by use of the TU registers. These memory-mapped 
registers are addressable on 32-bit boundaries. The 
timers have a single-shot mode and auto-reload 
capabilities for continuous operation. Each timer has 
an independent interrupt request to the 80960JO's 
interrupt controller. The TU can generate a fault 
when 
unauthorized 
writes 
from 
user mode are 


.detected. Clock prescaling is supported. 


2.4 
Priority Interrupt Controller 


A programmable interrupt controller manages up to 
240 
external sources 
through 
an 8-bit 
external 


interrupt port. Alternatively, the interrupt inputs may 
be configured for individual edge- or level-triggered 
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inputs. The interrupt unit (IU) also accepts interrupts 
from the two on-chip tim~hannels 
and a single 
Non-Maskable Interrupt (NMI) pin. Interrupts are 
serviced according to their priority levels relative to 
the current process priority. 


Low interrupt latency is critical to many embedded 
applications. As part of its highly flexible interrupt 
mechanism, 
the 
80960JO 
exploits 
several 


techniques to minimize latency: 


• Interrupt vectors and interrupt handler routines can 
be reserved on-chip 


• Register frames for high-priority interrupt handlers 
can be cached on-Chip 


• The interrupt stack can be placed in cacheable 
memory space 
• Interrupt microcode executes at twice the bus 
frequency 


2.5 
Instruction Set Summary 


The 8096QJx adds several new instructions to the 
i960 core architecture. The new instructions are: 


• Conditional Move 
• Conditional Add 
• Conditlonal Subtract 


• Byte Swap 


• Halt 
• Cache Control 
• Interrupt Control 


Table 1 identifies the instructions that the 80960Jx 
supports. Refer to i96rP Jx Microprocessor User's 
Guide (272483) for a detailed description of each 
instruction. 


2.6 
Faults and Debugging 


The 80960Jx employs a comprehensive fault model. 
The processor responds to faults by making implicit 
calls to a fault handling routine. Specific information 
collected for each fault allows the fault handler to 
diagnose exceptions and recover appropriately. 


The processor also has built-in debug capabilities. In 
software, the 80960Jx may be configured to detect 
as many as seven different trace event types. Alter- 
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micron manutacturlnq process, The processor's sub- 
micron topology 
provides the circuit density for 
optimal cache size and high operating speeds while 
dissipating modest power. The processor also uses 
dynamic power management to turn off clocks to 
unused circuits. 


Users may program the 80960Jx to enter Halt mode 
for maximum power savings. In Halt mode, the 
processor core stops completely while the integrated 
peripherals continue to function, reducing overall 
power requirements up to 90 percent. Processor ' 
execution resumes 
from 
internally 
or 
externally 
generated interrupts. 


2.8 
Test Features 


The 80960Jx incorporates numerous features which 
enhance the user's ability to test both the processor 
and the system to which it is attached. These 
features include ONCE (On-Circuit Emulation) mode 
and Boundary Scan (JTAG). 


The 80960Jx provides testability features compatible 
with IEEE Standard Test Access Port and Boundary 
Scan Architecture (IEEE Std. 1149.1). 


One of the boundary scan instructions, HIGHZ, 
forces the processor to float all its output pins 
(ONCE mode). ONCE mode can also be initiated at 
reset without using the boundary scan mechanism. 


ONCE mode is useful for board-level testing. This 
feature allows a mounted 80960JD to electrically 
"remove" itself from a circuit board. This allows for 
system-level testing where a remote tester - 
such 
as 
an 
in-circuit 
emulator 
- 
can 
exercise 
the 
processor.system. 


The provided test logic does 
not interfere with 
component or circuit board behavior and ensures 
that 
comp.onents function 
correctly, 
connections 
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2.9 
Memory-Mapped 
Control 
Registers 


The 80960JD, though compliant with i960 series 
processor 
core, 
has 
the 
added 
advantage 
of 


memory-mapped, internal control registers not found 
on the i960 Kx, Sx or Cx processors. These give 
software the interface to easily read and modify 
internal control registers. 


Each of these registers is accessed as a memory- 
mapped, 32-bit register. Access is accomplished 
through 
regular memory-format instructions. The 


processor ensures that these accesses 
do 
not 


generate external bus cycles. 


2.10 
Data Types and Memory 
Addressing 
Modes 


As with all i960 family processors, the 80960Jx 
.instruction set supports several data types and 
formats: 


• Bit 
• Bit fields 
• Integer (8-, 16-, 32-, 64-bit) 
• Ordinal (8-, 16-,32-, 64-bit unsigned integers) 


• Triple word (96 bits) 
• Quad word (128 bits) 


The 80960Jx provides a full set of addressing modes 
for C and assembly programming: 


• Two Absolute modes 
• Five Register Indirect modes 
• Index with displacement 
• IP with displacement 
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Table 1. 80960Jx 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit. Bit Field 
and Byte 


Load 
Add 
And 
Set Bit 


Store 
Subtract 
Not And 
Clear Bit 


Move 
Multiply 
And Not 
Not Bit 


'Conditional 
Select 
Divide 
Or 
Alter Bit 


Load Address 
Remainder 
Exclusive 
Or 
Scan For Bit 


Modulo 
Not Or 
Span Over Bit 


Shift 
Or Not 
Extract 


Extended 
Shift 
Nor 
Modify 


Extended 
Multiply 
Exclusive 
Nor 
Scan Byte for Equal 


Extended 
Divide 
Not 
'Byte 
Swap 


Add with Carry 
Nand 


Subtract 
with Carry 


'Conditional 
Add 


'Conditional 
Subtract 


Rotate 


Comparison 
Branch 
Call/Return 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 


Conditional 
Compare 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
and 
Compare 
and Branch 
Call System 
Increment 
Return 
Compare 
and 
Branch and Link 
Decrement 


Test Condition 
Code 


Check Bit 


Debug 
Processor 
Atomic 
Management 


Modify Trace Controls 
flush 
Local Registers 
Atomic Add 


Mark 
Modify Arithmetic 
Atomic 
Modify 
. 
. 


Force Mark 
Controls 


Modify 
Process 
Controls 


I 


'Halt 
I 


System 
Control 


'Cache 
Control 


'Interrupt 
Control 


NOTE: 
Astensk 
(*) denotes 
new 
80960Jx 
Instructions 
unavailable 
on 
8096OCAlCF, 
80960KAlKB 
and 
80960SAlSB 


implementations. 
IPRELIMINARY 
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3.0 
PACKAGE INFORMATION 


The 
B0960JO is offered 
in several speed and 
package types. The 132-pin Pin Grid Array (PGA) 
device 
will 
be 
specified 
for 
operation 
at 
Vcc = 5.0 V ± 5% over a case temperature range of 
0° to B5°C: 
• AB0960JO-50 (50 MHz core, 25 MHz bus) 


The 132-pin Pin Grid Array (PGA) device will be 
specified for operation at Vcc = 5.0 V ± 5% over a 
case temperature range of 0° to 100°C: 


• AB0960JO-40 (40 MHz core, 20 MHz bus) 
• AB0960JO-33 (33.33 MHz core, 16.67 MHz bus) 


The 132-pin Plastic Quad Flatpack (PQFP) devices 
will be specified for operation at Vcc = 5.0 V ± 5% 
over a case temperature range of 0° to 100°C: 
• NGB0960JO-40 (40 MHz core, 20 MHz bus) 
. 


• NGB0960JO-33 (33.33 MHz core, 16.67 MHz bus) 


For complete 
package 
specifications 
and 
infor- 
mation, refer to Intel's Packaging Handbook 
(240BOO). 


3.1 
Pin Descriptions 


This section describes the pins for the B0960JO in 
the 132-pin ceramic Pin Grid Array (PGA) package 
and 
132-lead 
Plastic 
Quad 
Flatpack 
Package 
(PQFP). 


Section 
3.1.1, 
Functional 
Pin 
Definitions 
describes pin function; Section 3.1.2, 80960Jx 132- 
Lead PGA Plnout 
and Section 
3.1.3, 80960Jx 
PQFP Plnout define the signal and pin locations for 
the supported package types. 


3.1.1 
Functional Pin Definitions 


Table 2 presents the legend for interpreting the pin 
descriptions which follow. Pins associated with the 
bus 
interface 
are 
described 
in 
Table 3. 
Pins 
associated with basic control and test functions are 
described 
in Table 4. Pins associated with the 
Interrupt Unit are described in Table 5. 
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Table 2. Pin Description 
NO"lenclature 


Symbol 
Description 


I 
Input pin only. 


0 
Output pin only. 


I/O 
Pin can be either an input or output. 


- 
Pin must be connected as described. 


S 
Synchronous. Inputs must meet setup 
and hold times relative to CLKIN for 
proper operation. 


S(E) Edge sensitive input 
S(L) Level sensitive input 


A (...) 
Asynchronous. Inputs may be 
asynchronous relative to CLKIN. 


A(E) Edge sensitive input 
A(L) Level sensitive input 


R( ...) 
While the processor's RESET pin is 
asserted, the pin: 


R(1) is driven to Vcc 
R(O)is driven to Vss 
R(Q) is a valid output 
R(X) is driven to unknown state 
R(H) is pulled up to Vcc 


H (...) 
While the processor is in the hold state, 
the pin: 


H(1) is driven to Vcc 
H(O)is driven to Vss 
H(Q) Maintains previous state or 


continues to be a valid output 
H(Z) Floats 


P (...) 
While the processor is halted, the pin: 


P(1) is driven to Vcc 


- 
P(O)is driven to Vss 
P(Q) Maintains previous state or 
continues to be a valid output 


PRELIMINARY I 


values. 


SIZE, which comprises 
bits 0-1 of the AD lines during a Ta cycle, specifies 
the number 
of data transfers 
during the bus transaction. 


AD1 
ADO 
Bus Transfers 


0 
0 
1 Transfer 
0 
1 
2 Transfers 
1 
0 
3 Transfers 
1 
1 
4 Transfers 


When the processor 
enters Halt mode, if the previous 
bus operation 
was a: 


• write - 
AD31:2 
are driven with the last data value on the AD bus . 


• read - 
AD31:4 
are driven with the last address 
value on the AD bus; AD3:2 are 
driven with the value of A3:2 from the last data cycle. 


Typically, 
AD1:0 reflect the SIZE information 
of the last bus transaction 
(either 
instruction 
fetch <;>rload/store) 
that was executed 
before entering 
Halt mode. 


ALE 
0 
ADDRESS 
LATCH 
ENABLE 
indicates 
the transfer 
of a physical 
address. 
ALE is 
R(O) 
asserted 
during 
a Ta cycle and deasserted 
before ~he beginning 
of the Td state. It is 
H(Z) 
active HIGH and floats to a high impedance 
state during a hold cycle (T h)' 
P(O) 


ALE 
0 
ADDRESS 
LATCH 
ENABLE 
indicates 
the transfer 
of a physical 
address. 
ALE is the 
R(1) 
inverted version 
of ALE. This signal gives the 80960JD 
a high degree of compatibility 
H(Z) 
with existing 
80960Kx 
systems. 
P(1) 


ADS 
0 
ADDRESS 
STROBE 
indicates 
a valid address 
and the start of a new bus access. 
R(1) 
The processor 
asserts 
ADS for the entire Ta cycle. External 
bus control 
logic typically 


H(Z) 
samples 
ADS at the end of the cycle. 


P(1) 


A3:2 
0 
ADDRESS3:2 
comprise 
a partial demultiplexed 
address 
bus. 


R(X) 
32-bit memory accesses: the processor 
asserts address 
bits A3:2 during 
Ta. The 
H(Z) 
partial word address 
increments 
with each assertion 
of RDYRCV 
during a burst. 


P(Q) 
1B-bit memo~cesses: 
the processor 
asserts.address 
bits A3: 1 during 
Ta with A 1 
driven on the BE1 pin. The partial short word address 
increments 
with each assertion 


of RDYRCV 
during a burst. 


s-btt memory accesses: the processor 
asserts address 
bits A3:0 during 
Ta' with A 1:0 
driven on BE1 :0. The partial byte address. increments 
with each assertion 
of 
RDYRCV during a burst. 
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BE3 enables 
data on AD31 :24 
BE2 enables 
data on AD23:16 
BE1 enables 
data on AD15:8 
BEO enables 
data on AD7:0 


16-bit bus: 


BE3 becomes 
Byte High Enable (enables 
data on AD15:8) 
BE2 is not used (state is high) 
. 


BE1 becomes 
Address 
Bit 1 (A1) 
BEO becomes 
Byte Low Enable (enables 
data on AD7:0) 


8-bit bus: 


BE3 is not used (state is high) 
BE2 is not used (state is high) 
BE1 becomes 
Address 
Bit 1 (A1) 
BEO becomes 
Address 
Bit 0 (AO) 


The processor 
asserts 
byte enables, 
byte high enable and byte low enable 
during Ta' 


Since unaligned 
bus requests 
are split into separate 
bus transactions, 
these signals 
do not toggle during a burst. They remain active through 
the last T d cycle. 


For accesses 
to 8- and 16-bit memory, 
the processor 
asserts 
the address 
bits in 
conjunction 
with A3:2 described 
above. 


WIDTHI 
HLTD1:0 
o 
R(O) 
H(Z) 
P(1) 


WIDTHIHALTED 
signals denote the physical 
memory 
attributes 
for a bus transaction: 


WIDTH/HL TD1 
WIDTH/HL TDO 
o 
0 
8 Bits Wide 
o 
1 
16 Bits Wide 
1 
0 
32 Bits Wide 
1 
1 
Processor 
Halted 


The processor 
floats the WIDTH/HLTD 
pins whenever 
it relinquishes 
the bus in 
response 
to a HOLD request, 
regardless 
of prior operating 
state. 


DIC 
o 
R(X) 
H(Z) 
P(Q) 


DATA/CODE 
indicates 
that a bus access is a data access (1) or an instruction 
access 
(0). Die has the same timing as wiR. 
o = instruction 
access 
1 = data access 


WIR 
o 
R(O) 
H(Z) 
P(Q) 


WRITElREAD 
specifies, 
during a Ta cycle, whether the operation 
is a write (1) or read 
(0). It is latched on-chip 
and remains valid during Td cycles. 


0= 
read 
1 = write 
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Table 3. 
Pin Description 
- 
External 
Bus Signals 
(Sheet 3 of 4) 


NAME 
TYPE 
DESCRIPTION 


DT/R 
0 
DATA TRANSMIT I RECEIVE 
indicates 
the direction 
of data transfer 
to and from the 


R(O) 
address/data 
bus. It is low durin~Ta 
and TwITd cycles for a read; it is high during Ta 


H(Z) 
and TwITd cycles for a write. DT/R never Changes state when DEN is asserted. 


P(Q) 
0= 
receive 
1 = transmit 


DEN 
0 
DATA ENABLE 
indicates 
data transfer 
cycles during a bus access. 
DEN is asserted 


R(1) 
at the start of the first data cycle i~ a bus access and deasserted 
at the end of the last 


H(Z) 
datacycle. 
DEN is used with DT/R to provide control for data transceivers 
connected 


P(1) 
to the data bus. 
o = data cycle 
1 = not data cycle 


BLAST 
0 
BURST 
LAST indicates 
the last transfer 
in a bus access. 
BLAST 
is asserted 
in the 


R(1) 
last data transfer 
of burst and non-burst 
accesses. 
BLAST remains active as long as 


H(Z) 
wait states are inserted 
via the RDYRCV 
pin. BLAST becomes 
inactive after the final 


P(1) 
data transfer 
in a bus cycle. 


o = last data transfer 
1 = not last data transfer 


RDYRCV 
I 
READYIRECOVER 
indicates 
that data on' AD lines can be sampled 
or removed. 
If 


S(L) 
RDYRCV 
is not asserted 
during a Td cycle, the Td cycle is extended 
to the next cycle 


by inserting 
a wait state (Tw). 


o = sample data 
1 = don't sample 
data 


The RDYRCV pin has another 
function 
during the recovery 
(Tr) state. The processor 


continues 
to insert additional 
recovery 
states until it samples 
the pin HIGH. This 


function 
gives slow extemal 
devices 
more time to float their buffers before the 
processor 
begins to drive address 
again. 


o = insert wait states 
1 = recovery 
complete 


LOCK! 
110 
BUS LOCK 
indicates 
that an atomic 
read-modify-write 
operation 
is in progress. 
The 
ONCE 
S(L) 
LOCK output is asserted 
in the first clock of an atomic operation 
and deasserted 
in 


R(H) 
the last data transfer 
of the sequence. 
The processor 
does not grant HOLDA while it 


H(Z) 
is asserting 
LOCK. This prevents 
external agents from accessing 
memory 
involved 
in 


P(1) 
semaphore 
operations. 


o = Atomic 
read-modify-write 
in progress 
1 = Atomic 
read~modify-write 
not in progress' 


ONCE 
MODE: 
The processor 
samples 
the ONCE input during reset. If it is asserted 


LOW at the end of reset, the processor 
enters ONCE mode. In ONCE mode, the 


processor 
stops all clocks and floats all output pins. The pin has a weak internal 


pullup which is active during 
reset to ensure normal operation 
when the pin is left 


unconnected. 
o = ONCE mode enabled 
1 = ONCE mode not enabled 
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Table 3. Pin Description 
- 
External 
Bus Signals 
(Sheet 4 of 4) 


NAME 
TYPE 
DESCRIPTION 
- 


HOLD 
I 
HOLD: 
A request from an external 
bus master to acquire 
the bus. When the 
S(L) 
processor 
receives 
HOLD and grants bus control to another 
master, 
it asserts 
HOLDA, 
floats the address/data 
and control 
lines and enters the Th state. When 
HOLD is deasserted, 
the processor 
deasserts 
HOLDA 
and enters either the Tj or Ta 
state, resuming 
control of the address/data 
and control 
lines. 


o = no hold request 
1 = hold request 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates 
to an external 
bus master that the processor 
has 
R(Q) 
relinquished 
control of the bus. The processor 
can grant HOLD requests 
and. enter 
H(1) 
the Th state during reset and while halted as well as during regular operation. 


P(Q) 
o = hold not acknowledged 
1 = hold acknowledged 


BSTAT 
0 
BUS STATUS 
indicates 
that the processor 
may soon stall unless it has sufficient 
R(O) 
access to the bus; see /96cP Jx Microprocessor 
User's Guide (272483). 
Arbitration 
H(Q) 
logic can examine 
this signal to determine 
when an external 
bus master should 
P(O) 
acquire/relinquish 
the bus. 
o = no potential 
stall 
1 = potential 
stall 
. 


Table 4. 
Pin Description 
- 
Processor 
Control 
Signals, 
Test Signals 
and Power 
(Sheet 
1 of 2) 


NAME 
TYPE 
DESCRIPTION 


CLKIN 
I 
CLOCK 
INPUT provides 
the processor's 
fundamental 
time base; both the processor 
core and the external 
bus run at the CLKIN rate. All input and output timings 
are 
specified 
relative to a rising CLKIN edge. 


RESET 
I 
RESET 
initializes 
the processor 
and clears its Internal logic. During reset, the 
A(L) 
processor 
places the address/data 
bus and control output pins in their idle (inactive) 
states. 


During reset, the input pins are ignored with the exception 
of LOCK/ONCE, 
STEST 
and HOLD. 


The RESET pin has an Intemal 
synchronizer. 
To ensure predictable 
processor 
initial- 
ization during power up, RESET must be asserted 
a minimum 
of 10,000 CLKIN 
cycles with Vcc and CLKIN stable. On a warm reset, RESET should be asserted 
for 


a mmlmurn of 15 cycles. 


STEST 
I 
SELF TEST enables 
or disables 
the processor's 
internal self-test 
feature 
at initial- 
S(L) 
ization. 
STEST IS examined 
at the end of reset. When STEST is asserted, 
the 
processor 
performs 
its intemal 
self-test 
and the external 
bus confidence 
test. When 
STEST is deasserted, 
the processor 
performs 
only the external 
bus confidence 
test. 


o = self test disabled 
1 = self test enabled 
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Table 4. Pin Description 
- 
Processor 
Control 
Signals, 
Test Signals 
and Power 
(Sheet 2 of 2) 


NAME 
TYPE 
DESCRIPTION 


FAIL 
0 
FAIL indicates 
a failure of the processor's 
built-in self-test 
performed 
during initial- 
R(O) 
ization. 
FAIL is asserted 
immediately 
upon reset and toggles 
during self-test 
to 
H(Q) 
indicate 
the status of lndividual 
tests: 


P(1) 
• When self-test 
passes, the processor 
deasserts 
FAIL and begins operation 
from 
user code . 


. 
• When self-test 
fails, the processor 
asserts 
FAIL and then Slops executing . 
o = self test failed 
1 = self test passed 


TCK 
I 
TEST CLOCK 
is a CPU input which provides 
the clocking 
function 
for IEEE 1149.1 
Boundary 
Scan Testing 
(JTAG). State information 
and data are clocked 
into the 
processor 
o~ the rising edge; data is clocked 
out of the processor 
on the falling edge. 


TDI 
I 
TEST DATA INPUT is the serial input pin for JTAG. TOI is sampled 
on the rising 
S(L) 
edge of TCK, during the SHIFT-IR and SHIFT-OR 
states of the Test Access 
Port. 


TDO 
0 
TEST DATA OUTPUT 
is the serial output pin for JTAG. TOO is driven on the falling 
R(Q) 
edge of TCK during the SHIFT-IR and SHIFT-OR states of the Test Access 
Port. At 
HQ) 
other times, TOO floats. TOO does not float during ONCE 
mode. 


P(Q) 


TRST 
I 
TEST 
RESET 
asynchronously 
resets the Test Access 
Port (TAP) controller 
function 
A(L) 
of IEEE 1149.1 Boundary 
Scan testing 
(JTAG). 
When using the Boundary 
Scan 
feature, connect 
a pulldown 
resistor between 
this pin and Vss. If TAP is not used, this 
pin must be connected 
to Vss: however, 
no resistor 
is required. 
See Section 4.3, 
Connection 
Recommendations 
(pg. 24). 


TMS 
I 
TEST 
MODE SELECT 
is sampled 
at the rising edge of TCK to select the operation 
S(L) 
of the test logic for IEEE 1149.1 Boundary 
Scan testing. 


Vcc 
- 
POWER 
pins intended 
for external connection 
to a Vcc board plane. 


VCCPLL 
- 
PLL POWER 
is a separate 
Vcc supply pin for the phase lock loop clock generator. 
It 
is intended 
for external 
connection 
to the Vcc 
board plane. In noisy environments, 


add a simple 
bypass filter circuit to reduce noise-induced 
clock jitter and its effects 
on timirig relationships. 
. 


Vss 
- 
GROUND 
pins intended 
for external 
connection 
to a Vss board plane. 


NC 
- 
NO CONNECT 
pins. 00 not make any system 
connections 
to these pins. 
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Table 5. 
Pin Description 
- 
Interrupt 
Unit Signals 


NAME 
TYPE 
DESCRIPTION 


XINT7:0 
I 
EXTERNAL 
INTERRUPT 
pins are used to request 
interrupt 
service. 
The XINT7:0 
A(EIL) 
pins can be configured 
in three modes: 


Dedicated 
Mode: 
Each pin is assigned 
a dedicated 
interrupt 
level. Dedicated 
inputs 
can be programmed 
to be level (Iow) or edge (falling) sensitive. 


Expanded 
Mode: 
All eight pins act as a vectored 
interrupt 
source. The interrupt pins 
are level sensitive 
in this mode. 


Mixed 
Mode: 
The XINT7:5 
pins act as dedicated 
sources 
and the XINT4:0 
pins 
act as the five most significant 
bits of a vectored 
source. The least 
significant 
bits of the vectored 
source 
are set to 0102 intemally. 


Unused 
external 
interrupt 
pins should be connected 
to Vcc. 


NMI 
I 
NON-MASKABLE 
INTERRUPT 
causes a non-maskable 
interrupt 
event to occur. 


A(E) 
NMI is the highest 
priority 
interrupt 
source and is falling edge-triggered. 
If NMI is 
unused, 
it should 
be connected 
to Vcc. 
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2 
3 
4 
S 
6 
7 
B 
9 
10 
11 
12 
13 
14 


p 


N 


M 


L 


K 


H 


G 


F 


E 


o 


C 


B 


A 


o 
AD2So 
AD27o 


AD30o 
BE2o 
Vcco 
vcco 
vcco 
vcc 
o 
vcco 
Vcc 
o 
Vcc 


o 0 
AD22 
AD19 
o 0 
AD26 
AD24 
o 0 


AD29 
NC 
o 0 
BE3 
AD2B 
o 0 
Vss 
AD31 


o 0 
Vss 
BE1 
o 0 
vss 
BEO 


~s 2 
o 0 
Vss 
BSTAT 
o 0 
Vss 
DEN 
o 
0_ 
Vss 
DT/R 


o 0 0 


AD1B 
Vcc 
Vcc 
o 0 0 
AD20 
Vss 
Vss 
o 0 0 
AD23 AD21 
AD17 


o 0 
A3 
A2 
o 0 
TOO 
NC 
o 0 
NC 
NC 


3 
4 
S 


o 
0 0 0 


Vcc 
Vcc 
Vcc 
Vcc 
o 
0 a. 0 


Vss 
Vss 
Vss 
Vss 
o 
0 0 0 
AD16 
AD1S AD14 
AD12 


o 
FAILo 
Vsso 
Vcc 


o 
NCo 
Vsso 
Vcc 


o 
NCo 
Vsso 
Vcc 


o 
HOLD 
o 
Vsso 
Vcc 


9 


000 
Vcc 
AD13 ADl1 
000 
Vss 
AD10 
AD7 
000 
AD9 
ADB 
AD4 
o 0 
ADS 
AD1 
o 0 
AD2 
Vss 
o 0 
NC 
Vss 
o 0 
VCCPll Vss 
o 0 
NC 
Vss 
o 0 
RDYRCVVss 
o 0 
RESET Vss 
o 0 
TDI 
Vss 
o 
0 0 0 
XINT1 XINTO TRST STEST 
o 
0 0 0 
XINT6 XINT4 XINT3 TCK 
o 
000 
NMI 
XINT7 XINTS XINT2 


10 
11 
12 


o 
AD6o 
AD3o 
ADOo 
Vcc 
o 
Vcc 
o 
Vcc 
,0 
CLKINo 
Vcc 
o 
Vcco 
Vcco 
Vcc 


13 


o 
NCo 
NCo 
TMS 


.o. 0 0 
LOCK! HOLDA BLAST 
O~EUQ 
,0 
WiR 
D/C 
WIDTHI 
HLTDO 
o 
0 0 
ADS 
WIDTHI 
ALE 
HLTD1 


2 
6 
7 
B 
14 


p 


N 


M 


L 


K 


J 


H 


G 


F 


E 


o 


C 


B 


A 


Figure 3. 132·Lead Pin Grid Array Bottom View· Pins Facing Up 
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A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 


14 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
~..•.• 
1' ••••• ~..•.• 
~..•.• 
14 
\"j 
\"j 
\"j 
•... ./ 
•..../ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 


TMS 
NC 
NC 
Vcc 
VCC 
VCC 
VCC 
CLKIN 
VCC 
Vcc 
Vcc 
ADO 
AD3 
AD6 


1' ••••• ~..•.• 
~..•.• 
1''\ 
~'\ 
~'\ 
1' ••••• 
1''\ 
1''\ 
1''\ 
1''\ 
1''\ 
1''\ 
1''\ 


13 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
\"j 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
13 
XINT2 
TCK 
STEST 
VSS 
VSS 
VSS 
Vss 
VSS 
Vss 
Vss 
AD1 
AD4 
AD7 
AD11 


12 
1' ••••• 
1''\ 
1'.••••• 
1''\ 
1' ••••• 
1''\ 
1' ••••• 
1''\ 
1''\ 
1''\ 
1''\ 
1''\ 
1''\ 
1' ••••• 
12 
•... ./ 
•... ./ 
,./ 
•.... ./ 
•... ./ 
•..../ 
•... ./ 
•..../ 
•... ./ 
•... ./ 
•.../ 
•... ./ 
•... ./ 
•... ./ 


XINT5 
XINT3 
TRST 
TOI 
RESET 
RDYRCV 
NC 
VCCPLL 
NC 
AD2 
AD5 
AD8 
AD10 
AD13 


11 
1' ••••• 
~'\ 
1' ••••• 
1' ••••• 
1''\ 
1' ••••• 
11 
•... ./ 
•... ./ 
,./ 
•... ./ 
1.../ 
,./ 


XINT7 
XINT4 
XINTO 
AD9 
Vss 
VCC 


10 
~'\ 
1''\ 
1' ••••• 
1' ••••• 
1' ••••• 
1' ••••• 


10 
••••.1 
•.../ 
,./ 
•... ./ 
•... ./ 
•.../ 


NMI 
XINT6 
XINT1 
AD12 
VSS 
Vcc 


9 
~..•.• 
1'••••• ~..•.• 
...'\ 
1" 
... '\ 
9 
•... ./ 
,./ 
•... ./ 
1.../ 
•..../ 
•... ./ 


Vcc 
VSS 
HOLD 
• A80960JD 
AD14 
Vss 
Vcc 


8 
~, 
1' ••••• 
1' ••••• 
... '\ 
... '\ 
,,'\ 
8 
1.....1 
•... ./ 
•... ./ I 


•... ./ 
•... ./ 
•... ./ 


Vcc 
Vss 
NC 
AD15 
Vss 
VCC 


7 
"..•.• 
1' ••••• 
~'\ 
1" 
... '\ 
1' ••••• 
7 
•... ./ 
•... ./ 
•... ./ 
@@ 19xx 
•... ./ 
•... ./ 
•... ./ 


Vcc 
VSS 
NC 
Al)16 
Vss 
Vcc 
~..•.• 
,,'\ 
~'\ 
1''\ 
1' ••••• 
... '\ 
6 
'-.I 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
1..../ 
6 


Vcc 
Vss 
FAIL 
XXXXXXXXA2 
AD17 
VSS 
Vcc 


5 
~..•.• 
~'\ 
~..• 
1' ••••• 
...... 
~..• 
5 
•... / 
••••.1 
••••..1 
•...../ 
1.../ 
•... ./ 


NC 
NC 
A2 
AD21 
Vss 
VCC 


4 
,,'\ 
~'\ 
~..• 
~'\ 
... '\ 
...... 
4 
•... / 
••••.1 
•... ./ 
1.../ 
1..../ 
••••..1 


NC 
TOO 
A3 
AD23 
AD20 
AD18 


3 
...... 
~..•.• 
"..• 
~..• 
1''\ 
1" 
1' ••••• 
1' ••••• 
1''\ 
~, 1''\ 
1'''' 
... '\ 
~..• 


3 
1..../ 
•... ./ 
1....1 
•... ./ 
•... ./ 
,./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 
•... ./ 


ALE 
WIDTHI 
BLAST 
DT/R 
DEN 
BSTAT 
ALE 
BEO 
BE1 
AD31 
AD28 
NC 
AD24 
AD19 


2 


1'''' 
HL;~ 
~..• 
1' ••••• ~..•.• 
~\ 
~..• 
1'''' 
~..• 
"..• 
...'\ 
1''\ 
1' ••••• 
...'\ 
2 
•... ./ 
•.... ./ 
•... ./ 
•... ./ 
•... ./ 
••••.1 
•... ./ 
1..../ 
•... ./ 
•.... / 
1.../ 
1..../ 
,./ 
•..../ 


WIDTHI 
DIG 
HOLDA 
Vss 
Vss 
Vss 
VSS 
Vss 
Vss 
Vss 
BE3 
AD29 
AD26 
AD22 
HLTD1 
~'o 
r'o 
r ..•• 
r'o 
t'\ 
~..•.• 
1' ••••• 
,,'\ 
,,'\ 
... '\ 
1''\ 
1" 
1' ••••• 
,,'\ 
~ 
••..., 
•••• 
J 
'-./ 
••••.1 
'-./ 
•... ./ 
1..../ 
••••..1 
•... ./ 
~ 
•... ./ 
•... ./ 
•... ./ 


ADS 
W/R 
LOCK! 
Vcc 
Vcc 
Vcc 
Vcc 
Vcc 
Vcc 
Vcc 
BE2 
AD30 
AD27 
AD25 
ONCE 


A 
B 
C 
0 
E 
F 
G 
H 
K 
L 
M 
N 
p 


Figure 4. 
132·Lead 
Pin Grid Array Top View· 
Pins Facing Down 
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Table 6. 132-Lead 
PGA Plnout - 
In Signal 
Order 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


A2 
CS 
AD31 
K3 
TDI 
D12 
Vss 
B9 


A3 
C4 
ADS 
A1 
TDO 
B4 
Vss 
D2 


ADO 
M14 
ALE 
G3 
TMS 
A14 
Vss 
D13 


AD1 
L13 
ALE 
A3 
TRST 
C12 
Vss 
E2 


AD2 
K12 
BEO 
H3 
VCC 
A6 
Vss 
E13 


AD3 
N14 
BE1 
J3 
VCC 
A7 
Vss 
F2 


AD4 
M13 
BE2 
L1 
VCC 
A8 
Vss 
F13 


ADS 
L12 
BE3 
L2 
Vcc 
A9 
Vss 
G2 


AD6 
P14 
BLAST 
C3 
Vcc 
D1 
Vss 
G13 


AD7 
N13 
BSTAT 
F3 
Vcc 
D14 
Vss 
H2 


AD8 
M12 
CLKIN 
H14 
Vcc 
E1 
, 
Vss 
H13 


AD9 
M11 
D/C 
B2 
Vcc 
E14 
Vss 
J2 


AD10 
N12 
DEN 
E3 
Vcc 
F1 
Vss 
J13 


AD11 
P13 
DT/R 
D3 
Vcc 
F14 
Vss 
K2 


AD12 
M10. 
FAIL 
C6 
Vcc 
G1 
Vss 
K13 


AD13 
P12 
HOLD 
C9 
Vcc 
G14 
Vss 
NS 


AD14 
M9 
HOLDA 
C2 
Vcc 
H1 
Yss 
N6 


AD1S 
M8 
LOCK/ONCE 
C1 
Vcc 
J1 
Vss 
N7 


AD16 
M7 
NC 
A4 
Vcc 
J14 
Vss 
N8 


AD17 
M6 
NC 
AS 
Vcc 
K1 
Vss 
N9 


AD18 
P4 
NC 
BS 
Vcc 
K14 
Vss 
N10 


AD19 
P3 
NC 
B14 
Vcc 
L14 
·Vss 
N11 


AD20 
N4 
NC 
C7 
Vcc 
PS 
W/R 
B1 


AD21 
MS 
NC 
C8 
Vcc 
P6 
WIDTH/HL TDO. 
B3 


AD22 
P2 
NC 
C14 
Vcc 
P7 
WIDTH/HL TD1 
A2 


AD23 
M4 
NC 
G12 
Vcc 
P8 
XINTO 
C11 


AD24 
N3 
NC 
J12 
Vcc 
P9 
XINT1 
C10 


AD2S 
P1 
NC 
M3 
Vcc 
P10 
XINT2 
A13 


AD26 
N2 
NMI 
A10 
Vcc 
P11 
XINT3 
B12 


AD27 
N1 
RDYRCV 
F12 
VCCPLL 
H12 
XINT4 
B11 


AD28 
L3 
RESET 
E12 
Vss 
86 
XINTS 
A12 


AD29 
. M2 
STEST 
C13 
Vss 
B7 
XINT6 
B10 


AD30 
M1 
TCK 
B13 
Vss 
B8 
XINT7 
A11 


NOTE: Do not connect 
any extemal 
loqlc to pms marked 
NC (no connect 
pins). 
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A6 
Vcc 
C11 
XINTO 
H14 
CLKIN 
N1 
AD27 


A7 
VCC 
C12 
TRST 
J1 
VCC 
N2 
AD26 


A8 
VCC 
C13 
STEST 
J2 
VSS 
N3 
AD24 


A9 
Vcc 
C14 
NC 
J3 
BE1 
N4 
AD20 


A10 
NMI 
D1 
Vcc 
J12 
NC 
N5 
VSS 
A11 
XINT7 
D2 
VSS 
J13 
VSS 
N6 
VSS 
A12 
XINT5 
D3 
DT/R 
J14 
Vcc 
N7 
VSS 
A13 
XINT2 
D12 
TDI 
K1 
Vcc 
N8 
Vss 
A14 
TMS 
D13 
VSS 
K2 
Vss 
N9 
VSS 
B1 
W/R 
D14 
VCC 
K3 
AD~1 
N10 
Vss 
82 
D/C 
E1 
Vcc 
K12 
AD2 
N11 
Vss 
B3 
WIDTH/HLTDO 
E2 
Vss 
K13 
Vss 
N12 
AD10 


B4 
TDO 
E3 
DEN 
K14 
Vcc 
N13 
AD7 


B5 
NC 
E12 
RESET 
L1 
BE2 
N14 
AD3 


B6 
Vss 
E13 
Vss 
L2 
BE3 
P1 
AD25 


B7 
VSS 
E14 
Vcc 
L3 
AD28 
P2 
AD22 


B8 
VSS 
F1 
VCC 
L12 
AD5 
P3 
AD19 


B9 
Vss 
F2 
Vss 
L13 
AD1 
P4 
AD18 


B10 
XINT6 
F3 
BSTAT 
L14 
VCC 
P5 
VCC 
B11 
XINT4 
F12 
RDYRCV 
M1 
AD30 
P6 
Vcc 
B12 
XINT3 
F13 
Vss 
M2 
AD29 
P7 
VCC 
B13 
TCK 
F14 
Vcc 
M3 
NC 
P8 
Vcc 
B14 
NC 
G1 
VCC 
M4 
AD23 
P9 
VCC 
C1 
LOCK/ONCE 
G2 
VSS 
M5 
AD21 
P10 
VCC 
C2 
HOLDA 
G3 
ALE 
M6 
AD17 
P11 
Vcc 
C3 
BLAST 
G12 
NC 
M7 
AD16 
P12 
AD13 
C4 
A3 
G13 
Vss 
M8 
AD15 
P13 
AD11 


. C5 
A2 
G14 
Vcc 
.M9 
AD14 
P14 
AD6 


NOTE: Do notconnectany externalloqlctopinsmarked NC (noconnectpins). 
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3.i.a 
80960Jx 
PQFP Pinout 


»» » » 
0000 
0'10> 
'" 
CD 


;:;0 


TAST 
1 
- 
°99 
A09 


TCK 
2 • 


98 
VCclIlO) 


TMS 
3 
97 
VSS (1/0) 


HOLD 
4 
96 
A010 


XINTO 
5 
95 
A011 


XINT1 
6 
94 
Vcdl/O) 
XINT2 
7 
infel· 


93 
VSS (1/0) 


XINT3 
8 
92 
Vcc 
(Core) 


Vcc(I/O) 
9 
91 
Vss 
(Core) 


Vss(I/O) 
10 
90 
A012 


XINT4 
11 
89 
A013 


XINT5 
12 
88 
A014 


XINT6 
13 
87 
A015 


XINT7 
14 
86 
Vcc(I/O) 
NMI 
15 
85 
Vss(I/O) 


Vcc 
(Core) 
16 
i960® 


84 
A016 


Vss (Core) 
17 
83 
A017 


NC 
18 
82 
A018 


NC 
19 
81 
A019 


NC 
20 
80 
Vcc(I/O) 


NC 
21 
79 
Vss 
(1/0) 


NC 
22 
• NG80960JX 
78 
A020 


FAIL 
23 
77 
A021 


ALE 
24 
I 


76 
A022 


TOO 
25 
XXXXXXXXA2 
75 
A023 


Vcc(I/O) 
26 
74 
Vcc 
(Core) 


Vss(I/O) 
27 
@@ 
19xx 
73 
Vss 
(Core) 


WIOTHlHLT01 
28 
72 
Vcc 
(1/0) 


VcdCore) 
29 
71 
Vss{I/O) 


Vss 
(Core) 
30 
70 
A024 


WIOTHlHL 
TOO 
31 
69 
A025 


A2 
32 
68 
A026 


A3 
33 
67 
NC 
~ '" 
fl: 
'" 
III 
1ll ~ :': •. t:; t 
t;, ~ ~ ~ •. g; ~ ill !!l \!: g: 8! ~ ~ il: s ~ Rl !:l ~ ~ iR 
~ 
~ 
N 
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Figure 5. 
132-Lead 
PQFP - Top View 
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Table 8. 132·Lead 
PQFP Plnout 
-In 
Signal 
Order 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


AD31 
60 
ALE 
24 
Vcc 
(Core) 
47 
Vss (1/0) 
10 


AD30 
61 
ADS. 
36 
Vcc 
(Core) 
59 
Vss (1/0) 
27 


AD29 
62 
A3 
33 
Vcc 
(Core) 
74 
Vss (1/0) 
40 


AD28 
63 
A2 
32 
Vcc 
(Core) 
92 
Vss (1/0) 
48 


AD27 
66 
BE3 
55 
Vcc 
(Core) 
113 
Vss (1/0) 
56 


AD26 
. 68 
BE2 
54 
Vcc 
(Core) 
115 
Vss (1/0) 
64 


AD25 
69 
BE1 
53 
Vcc (Core) 
123 
Vss (1/0) 
71 


AD24 
70 
BEO 
52 
Vcc 
(I/O) 
9 
Vss (1/0) 
79 


AD23 
75 
WIDTH/HL TD1 
28 
Vcc 
(1/0) 
26 
Vss (1/0) 
85 


AD22 
76 
WIDTH/HL TDO 
31 
Vcc (1/0) 
41 
Vss (1/0) 
93 


AD21 
77 
D/C 
35 
Vcc (1/0) 
49 
Vss (1/0) 
97 


AD20 
78 
W/R 
37 
Vcc (1/0) 
57 
Vss (1/0) 
106 


AD19 
81 
DT/R 
42 
Nee (1/0) 
65 
Vss (1/0) 
112 


AD18 
82 
DEN 
43 
Vcc (I/O) 
72 
Vss (1/0) 
131 


AD17 
83 
BLAST 
34 
Vcc (I/O) 
80 
NC 
18 


AD16 
84 
RDYRCV 
132 
Vcc (I/O) 
86 
NC 
19 


AD15 
87 
LOCK/ONCE 
50 
Vcc (I/O) 
94 
NC 
20 


AD14 
88 
HOLD 
4 
Vcc (1/0) 
98 
NC 
21 


AD13 
89 
HOLDA 
44 
Vcc (1/0) 
105 
NC 
22 


AD12 
90 
BSTAT 
51 
Vcc (1/0) 
111 
NC 
67 


AD11 
95 
CLKIN 
117 
Vcc (1/0) 
129 
NC 
121 


AD10 
96 
RESET 
125 
VCCPLL 
119 
NC 
122 


AD9 
99 
STEST 
128 
Vss (CLK) 
118 
NC 
126 


AD8 
100 
FAIL 
23 
Vss (Core) 
17 
NC 
127 


AD7 
101 
TCK 
2 
Vss (Core) 
30 
XINT7 
14 


AD6 
102 
TDI 
130 
Vss (Core) 
38 
XINT6 
13 


AD5 
103 
TOO 
25 
Vss (Core) 
46 
XINT5 
12 


AD4 
104 
TRST 
1 
Vss (Core) 
58 
XINT4 
11 


AD3 
107 
TMS 
3 
Vss (Core) 
73 
XINT3 
8 


AD2 
108 
Vcc 
(CLK) 
120 
Vss (Core) 
91 
XINT2 
7 


AD1 
109 
Vcc 
(Core) 
16 
Vss (Core) 
114 
XINT1 
6 


ADO 
110 
Vcc (Core) 
29 
Vss (Core) 
116 
XINTO 
5 


ALE 
45 
Vcc 
(Core) 
39 
Vss (Core) 
124 
NMI 
15 


NOTE: 
Do not connect 
any extemallogic 
to pins marked 
NC (no connect 
pins). 
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Table 9. 132·Lead 
PQFP Pinout -In 
Pin Order 


Pin 
Signal 
Pin 
Signal. 
Pin 
Signal 
Pin 
Signal 


1 
TRST 
34 
.BLAST 
67 
NC 
100 
AD8 


2 
TCK 
35 
DIC 
68 
AD26 
101 
AD7 


3 
TMS 
36 
ADS 
69 
AD25 
102 
AD6 


4 
HOLD 
37 
W/R 
70 
AD24 
103 
ADS 


5 
XINTO 
38 
Vss (Core) 
71 
Vss (1/0) 
104 
AD4 


6 
XINT1 
39 
Vcc (Core) 
72 
Vcc (1/0) 
105 
Vcc (1/0) 


7 
XINT2 
40 
Vss (1/0) 
73 
Vss (Core) 
106 
Vss(1/0) 


8 
XINT3 
41 
Vcc (1/0) 
74 
Vcc (Core) 
107 
AD3 


9 
Vcc (1/0) 
42 
DT/R 
. 75 
AD23 
108 
AD2 


10 
Vss(I/O) 
43 
DEN 
76 
AD22 
109 
AD1 


11 
XINT4 
44 
HOLDA· 
77 
AD21 
110 
ADO 


12 
XINT5 
45 
ALE 
78 
AD20 
111 
Vcc (1/0) 


13 
XINT6 
46 
Vss (Core) 
79 
Vss (1/0) 
112 
Vss (1/0) 


14 
XINT7 
47 
Vcc (Core) 
80 
Vcc (1/0) 
113 
Vcc (Core) 


15 
NMI 
48 
Vss (1/0) 
81 
AD19 
114 
Vss (Core) 


16 
Vcc (core) 
49' 
Vcc (1/0) 
82 
AD18 
115 
Vcc (Core) 


17 
Vss (Core) 
50 
LOCK/ONCE 
83 
AD17 
116 
Vss (Core) 


18 
NC 
51 
BSTAT 
84 
AD16 
117 
CLKIN 


19 
NC 
52 
BEO 
85 
Vss (1/0) 
118 
Vss (CLK) 


20 
NC 
53 
BE1 
86 
Vcc (1/0) 
119 
VCCPll 


21 
NC 
54 
BE2 
87 
AD15 
120 
vcc (ClK) 


22 
NC 
55 
BE3 
88 
AD14 
121 
NC 


23 
FAIL 
56 
Vss (1/0) 
89 
AD13 
122 
NC 


24 
ALE 
57 
Vcc (1/0) 
90 
AD12 
123 
. 
Vcc (Core) 


25 
TOO 
58 
Vss (Core) 
91 
Vss (Core) 
124 
Vss (Core) 


26 
Vcc (1/0) 
59 
Vcc (Core) 
92 
Vcc (Core) 
125 
RESET 


27 
Vss (1/0) 
60 
AD31 
93 
Vss (1/0) 
126 
NC 


28 
WIDTH/HLTD1 
61 
AD30 
94 
Vcc (1/0) 
127 
NC 


29 
Vcc (Core) 
62 
AD29 
95 
AD11 
128 
STEST 


30 
Vss (Core) 
63 
AD28 
96 
AD10 
129 
Vcc (1/0) 


31 
WIDTH/HLTDO 
64 
Vss (1/0) 
97 
Vss (1/0) 
130 
TDI 


32 
A2 
65 
Vcc (1/0) 
98 
Vcc (1/0) 
131 
Vss (1/0) 


33 
A3 
66 
AD27 
99 
AD9 
132 
RDYRCV 


NOTE: Do not connect 
any external 
logic to pins marked. NC (no connect 
pins). 
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3.2 
Package Thermal Specifications 


The 
80960JD 
is specified 
for 
operation 
when 
TC 
(case temperature) 
is within the range of O°C to 85°C 
for the (PGA) 
80960JD-50, 
or O°C to 100°C for the 
(PQFP 
and 
PGA) 
80960JD-40 
and 
80960JD-33. 
Case 
temperature 
may 
be 
measured 
in 
any 
environment 
to determine 
whether 
the 
80960JD 
is 
within 
specified 
operating 
range. 
The case 
temper- 
ature 
should 
be measured 
at the center 
of the top 
surface, 
opposite 
the pins. 


SCA is the thermal 
resistance 
from case to ambient. 


Use 
the 
following 
equation 
to 
calculate 
TA, the 
maximum 
ambient 
temperature 
to 
coriform 
to 
a 
particular 
case temperature: 


TA = TC - P (SCA) 


Junction 
temperature 
(TJ) 
is 
commonly 
used 
in 
reliability 
calculations. 
TJ can be calculated 
from SJC 
(thermal 
resistance 
from junction 
to case) 
using the 
following 
equation: 


intel~ 


TJ = TC + P (SJcl 


Similarly, 
if TA is known, 
the 
corresponding 
case 
temperature 
(Tcl can be calculated 
as follows: 


Tc = TA + P (SCA) 


Compute 
P by multiplying 
'cc from 
Table 
14 and 
Vcc. Values for SJCand SCA are given in Table 10 for 
the 
PGA 
package 
and 
Table 
11 
for 
the 
PQFP 
package. 
For high speed 
operation, 
the processor's 
9JA 
may 
be 
significantly 
reduced 
by 
adding 
a 
heatsink 
and/or by increasing 
airflow. 


Figure 
6 shows 
the maximum 
ambient 
temperature 
(TA) 
permitted 
without 
exceeding 
TC 
for 
the 
80960JD-50 
in a PGA package. 
Figure 7 illustrates 


this 
for 
the 
80960JD-40 
in 
PGA 
and 
PQFP 
packages. 
The 
curves 
are based 
on minimum 
Icc 


(hot) and maximum 
Vcc 
of +5.25 V, with a TCASE of 
+85°C for the 80960JD-50, 
or a TCASE of + 100°C for 


the 80960JD-40. 


Table 
10. 
132-Lead 
PGA Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
°C/Watt 


Airflow 
- 
ft.!min 
(m/sec) 


Parameter 
0 
200 
400 
600 
800 
1000 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.08) 


SJC(Junction-to-Case) 
3 
3 
3 
3 
3 
3 


9CA(Case-to-Ambient) 
(No Heatsink) 
18 
15 
12 
11 
11 
11 


SCA(Case-to-Ambient) 
(Omnidirectional Heatsink) 
15 
12 
9 
8 
8 
8 


SCA(Case·to- Ambient) (Unidirectional Heatsink) 
14 
11 
8 
7 
7 
7 


- 
SJA 
t SCA 
f 
. 
'\ 
SJC 


SJ·PIN I 
~ 
I 
, 
SJ·CAP 
III~ 
~ 
I 
~ 


NOTES. 


1. 
This table applies 
to a PGA device 
plugged 
into a socket or soldered 
directly 
into a board. 


2. 
SJA = SJC + SCA 
. 


3. 
9J-CAP = 4°C/W 
(approx.) 
4. 
9J-PIN = 4°C/W 
(inner pins) (approx.) 
5. 
9J-PIN = 8°C/W (outer pins) (approx.) 
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Table 
11. 
132·Lead 
PQF~ 
Package 
Thermal 
Characteristics 


- 


Thermal 
Resistance 
- 
°ClWatt 


Parameter 


Airflow 
- 
ft.lmin 
(m/sec) 


0 
50 
100 
200 
400 
600 
800 
(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


6 
7 
7 
7 
7 
7 
7 


23 
20 
18 
14 
10 
9 
8 


9JC (Junction-to-Case) 


9CA (Case-to-Ambient -No Heatsink) 


NOTES: 


1. 
This table applies to a PQFP device soldered 
directly 
into board. 


2. 
9JA = 9JC + 9CA 
3. 
9JL = 18°CIW (approx.) 
4. 
9JS = 18°CIW (approx.) 


o 
100 
200 
300 
400 
500 
AIRFLOW fIImin 
600 
700 
800 


65 


60 


55 
G' 
.£. 


UJ 
50 
er: 
::> 
~ 
45 
er: 
UJc.. 
:::; 
UJ 
40 
I- 


35 


30 


~ 
~--- 
-:.--- 
/''i 


;r 
/' 
- 
~ 
-> 
-: ..- 
/V 
V 
-: 
V 


o 
PGA with no heatsink 
_ 
PGA with omnidirectional 
heatsink 0 
PGA with unidirectional 
heatsink 


Figure 
6. 50 MHz Maximum 
Allowable 
Ambient 
Temperature 
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UJa,~ 
~ 
60 
.r-> 


~ 
..- 
V 
/' 
/ 
, 
/ 


55 


50 


45 


40 
o 
50 
100 
200 
300 
400 
500 
600 
700 
800 
AIRFLOW fIImin 


• 
PQFP 0 
PGAwith no heatsink _ 
PGAwith omnidirectional heatsink 0 
PGAwith unidirectional heatsink 


Figure 7. 40 MHz Maximum 
Allowable 
Ambient 
Temperature 


3.3 
Thermal 
Management 
Accessories 


2. 
Wakefield 
Engineering 
60 Audubon 
Road 
Wakefield, 
MA 01880 
(617) 245-5900 
3. 
Aavid Thermal 
Technologies, 
Inc. 


One Kool Path 
Laconia, 
NH 03247-0400 
(603) 528-3400 
. 


The 
following 
is 
a 
list 
of 
suggested 
sources 
for 
80960JD 
thermal 
solutions. 
This 
is 
neither 
an 
endorsement 
or a warranty 
of the 
performance 
of 
any of the listed products 
and/or companies. 


Heatsinks 


1. 
Thermalloy, 
Inc. 


2021 West Valley View Lane 
Dallas, TX 75234-8993 
(214) 243-4321 
FAX: (214) 241-4656. 
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4.0 
ELECTRICAL 
SPECIFICATIONS 


4.1 
Absolute 
Maximum 
Ratings 


Parameter 
I 
Maximum Rating 


Storage Temperature 
-65°C to +150°C 


Case Temperature Under Bias 
-65°C to +110°C 


Supply Voltage wrt. Vss 
-D.5V to + 4.6V 


Voltage on Other Pins wrt. Vss 
-D.5V to Vcc + O.5V 


4.2 
Operating 
Conditions 


80960JO 


NOTICE: This data sheet contains preliminary information 
on new products in production. The specifications are 
subject to change without notice. 


WARNING: Stressing the device beyond the '~bso- 
tute: Maximum Ratings" may cause permanent 
damage. These are stress ratings only. Operation 
beyond the "Operating Conditions" is not recom- 
mended and extended exposure beyond the "Oper- 
ating Conditions" may affect device reliability. 


Table 
12. 80960JD 
Operating 
Conditions 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VCC· 
Supply Voltage 


80960JO-50 
4.75 
5.25 
V 
80960JO-40 
4.75 
5.25 
80960JO-33 
4.75 
5.25 


fCLKIN 
Input Clock Frequency 


80960JO-50 
8 
25 
MHz 
80960JO-40 
8 
20 
80960JO-33 
8 
16.67 


Tc 
Operating 
Case Temperature 


. 
A80960JO-50 
(132 PGA) 
0 
85 
°C 
A80960JO-40 
(132 PGA) 
0 
100 
A80960JO-33 
(132 PGA) 
0 
100 


NG80960JO-40 
(132 PQFP) 
0 
100 
NG80960JO-33 
(132 PQFP) 
0 
100 
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4.3 
Connection Recommendations 


For clean on-chip power distribution, Vcc and Vss 
pins separately feed the device's functional units. 
Power and ground connections must be made to all 
80960JO power and ground pins. On the circuit 
board, every Vcc pin should connect to a power 
plane and every Vss pin should connect to a ground 
plane. Place liberal decoupling capacitance near the 
80960JO, since the processor can cause transient 
power surges. 


4.4 
DCSpecifications 


intel· 


Pay special attention to the Test Reset (TRST) pin. It 
Is essential that the JTAG Boundary Scan Test 
Access Port (TAP) controller initializes to a known 
state whether it will be used or not. If the JTAG 
Boundary Scan function will be used, connect a 
pulldown resistor between the TRST pin and Vss. If 
the JTAG Boundary Scan function will not be used 
(even for board-level testing), connect the TRST pin 
to Vss. Also, do not connect the TOI, TOO, and TCK 
pins if the TAP Controller will not be used. 


Pins Identified 
as NC must not be connected 
In 
the system. 


Table 13. 80960JD DC Characteristics 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Notes 


Vll 
Input Low Voltage 
-0.3 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.3 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 5 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH= -1 mA 


Vcc - 0.5 
IOH= -200 IlA 


VOlP 
Output Ground Bounce 
< 0.8 
V 
(1,2) 


CIN 
Input Capacitance 
fCLKIN= fMIN(2) 
PGA 
12 
pF 
POFP 
10 


COUT 
I/O or Output Capacitance 
fCLKIN= fMIN(2) 
PGA 
12 
pF 
POFP 
10 


CClK 
CLKIN Capacitance 
PGA 
12 
pF 
fCLKIN= fMIN(2) 
POFP 
10 
- 


NOTES. 
1. Typical Is measured with Vcc = 5.0V and temperature = 25 ·C. 
2. Not tested. 
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Table 14. B0960JO Icc Characteristics 


Symbol 
Parameter 
Typ 
Max 
Units 
Notes 


ILll 
Input Leakage 
Current 
for 
±1 
!LA 
0:5 V1N:5 Vcc 
each pin except TCK, TDI, 
TRSTandTMS 


ILl2 
Input Leakage 
Current for 
-140 
-250 
!LA 
V1N = 0.45V (1) 


TCK, TDI, TRST and TMS 


ILO 
Output 
Leakage 
Current 
±1 
!LA 
0.4:5 VOUT :5Vcc 


'cc Active 
• 
80960JD-50 
640 
mA 
(2,3) 
(Power Supply) 
I 
80960JD-40 
530 
(2,3) 


80960JD-33 
450 
(2,3) 


Icc Active 
80960JD-50 
525 
mA 
(2,4) 
(Thermal) 
80960JD-40 
430 
(2,4) 


80960JD-33 
365 
(2,4) 


'cc Test 
Reset mode 
(Power modes) 
80960JD-50 
510 
mA 
(5) 


80960JD-40 
430 
(5) 
, 
80960JD-33 
370 
(5) 


-- 


Halt mode. 


80960JD-50 
48 
(5) 


80960JD-40 
41 
(5) 


80960JD-33 
36 
(5) 


ONCE 
mode 
10 
(5) 


NOTES: 


1. 
These pins have internal 
pullup devices. 
Typical leakage current is not tested. 
2. 
Measured 
with device 
operating 
and outputs 
loaded to the test condition 
in Figure 8, AC Test Load (pg. 


33). 
3. 
lee Active 
(Power 
Supply) 
value 
is provided 
for selecting 
your system's 
power 
supply. 
It is measured 
using-one 
of the worst case instruction 
mixes with VCC = 5.25V. This parameter 
is characterized 
but not 
tested. 
4. 
lee Active 
(Thermal) 
value is provided 
for your system's 
thermal 
management. 
Typical lee is measured 
with vcc = 5.0V and temperature 
= 25° C. This parameter 
is' characterized 
but not tested. 
5; 'cc Test (Power 
modes) 
refers to the 'cc values 
that are tested 
when the 80960JD 
is in Reset mode, 
Halt mode or ONCE 
mode with Vcc = 5.25V. 
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4.5 
AC Specifications 


The 80960JD 
AC timings 
are based upon device characterization. 


Table 15. 80960JD 
AC Characteristics 
(50 MHz) (Sheet 
1 of 2) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


INPUT 
CLOCK 
TIMINGS 


TF 
CLKIN Frequency 
8 
25 
MHz 


Tc 
CLKIN Period 
40 
125 
ns 


Tcs 
CLKIN Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN High Time 
16 
ns 
Measured 
at 1.5 V (1) 


TCL 
CLKiN 
Low Time 
16 
ns 
Measured 
at 1.5 V (1) 


TCA 
CLKIN Rise Time 
25 
'ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


TOVl 
Output Valid Delay, ExcepL 
3.5 
17 
ns 
(3) 
ALE/ALE 
Inactive and DT/R 


TOV2 
Output ValidDelay, 
DT/R 
0.5Tc + 3.5 
0.5Tc + 17 
ns 


TOF 
Output 
Float Delay 
3.5 
15 
ns 
(4) 


SYNCHRONOUS 
INPUT TIMINGS 


T1S1 
Input Se~o 
CLKIN - 
8 
ns 
(5) 
AD31 :0, NMI, XINT7:0 


TIHl 
Input Hold from CLKIN - 
2 
ns 
(5) 
AD31 :0, NMI, XINT7:0 


T1S2 
Input Setup to CLKIN - 
9 
ns 
(6) 
RDYRCV and HOLD 


TIH2 
Input Hold from CLKIN - 
1 
ns 
(6) 
.. 


RDYRCV and HOLD 


T1S3 
Input Setup to CLKIN - 
8 
ns 
(7) 
RESET 


T1H3 
Input Hold from CLKIN - 
2 
ns 
(7) 
RESET 


T1s4 
Input Setup to RESET - 
8 
ns 
(8) 
ONCE, 
STEST 


TIH4 
Input Hold from RESET - 
2 
ns 
(8) 
ONCE, 
STEST 


, 
, 
NOTE: 
See Table 16 on page 28 for note definitions for this table. 
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TOXO 
I DT/R Valid to DEN Active 
I 
I 
I 
I Equal Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TBSF 
TCK Frequency 
0.5TF 
MHz 


TBSCH 
TCK High Time 
.. 
15 
ns 
Measured 
at 1.5 V (1) 


TBSCL 
TCK Low Time 
.. 
15 
ns 
Measured 
at 1.5 V (1) 


TBSCR 
TCK Rise Time 
5 
ns 
0.8 V to 2.0 V (1) 


TBSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TBSISl 
Input Setup to TCK - 
TDI, TMS 
4 
ns 


TBSIHl 
Input Hold from TCK - 
TDI, 
6 
ns 
TMS 


TBSOVl 
TOO Valid Delay 
3 
30 
ns 
(1,10) 


TBSOFl 
TDO Float Delay 
3 
30 
ns 
(1,10) 


TBSOV2 
All Outputs 
(Non-Test) 
Valid 
3 
30 
ns 
(1,10) 
Delay 


TBSOF2 
All Outputs 
(Non-Test) 
Float 
3 
30 
ns 
(1,10) 
Delay 


TBSIS2 
Input Setup to TCK - 
All Inputs 
4 
ns 
(Non-Test) 


TBSIH2 
Input Hold from TCK - 
All 
6 
ns 
Inputs (Non-Test) 


NOTE: 
See Table 16 on page 28 for note definitions for this table. 
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Table 16. Note Definitions for Table 15, 80960JD AC Characteristics 
(50 MHz) (pg. 26) 


NOTES: 
1. Not tested. 
2. To ensure a 1:1 relationship between the amplitude of the input jitter and the internal clock, the jitter 
frequency spectrum should not. have any power peaking between 500 KHz and 1/3 of the CLKIN 
frequency. 
3. 
Inactive ALE/ALE refers to the falling edge of ALE and the rising edge of ALE. For inactive ALE/ALE 
timings, refer to Relative Output Timings in this table. 
4. A float condition occurs when the output current becomes less than ILO' Float delay Is not tested, but is 
designed to be no longer than the valid delay. 


5. AD31:0 are synchronous inputs. Setup and hold times must be met for proper processor operation. NMI 
and XINT7:0 may be synchronous or asynchronous. Meeting setup and hold time guarantees recog- 
nition at a particular clock edge. For asynchronous operation, NMI and XINT7:0 must be asserted for a 
minimum of two CLKIN periods to guarantee recognition. 


6. 
RDYRCV and HOLD are synchronous inputs. Setup and hold times must be.met for proper processor 
operation. 


7. 
RESET may be synchronous or asynchronous. Meeting setup and hold time guarantees recognition at a 
particular clock edge. 


8. ONCE and STEST must be stable at the rising edge of RESET for proper operation. 
9. Guaranteed by design. May not be 100% tested. 
10. Relative to falling edge of TCK. 


Table 17. 80960JD AC Characteristics 
(40 MHz) (Sheet 1 of 3) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


INPUT CLOCK TIMINGS 


TF 
CLKIN Frequency 
8 
20 
MHz 


Tc 
CLKIN Period 
50 
125 
ns 


Tcs 
CLKIN Period Stability 
±250 
ps 
(1,2) 


TCH 
CLKIN High Time 
20 
ns 
Measured at 
1.5 V (1) 


TCl 
CLKIN Low Time 
20 
ns 
Measured at 
1.5 V (1) 


TCR 
CLKIN Rise TIme 
7 
ns 
0.8 Vto 2.0 
V (1) 


TCF 
CLKIN Fall Time 
7 
ns 
2.0 V to 0.8 
V (1) 


SYNCHRONOUS OUTPUT TIMINGS 


TOVl 
Output Valid Del~, Except ALE/ALE 
3.5 
18 
ns 
(3) 
Inactive and DT/R 
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Table 17. 80960JD 
AC Characteristics 
(40 MHz) (Sheet 2 of 3) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TOV2 
Output Valid Delay, DT/R 
r 
0.5Tc + 3.5 
0.5Tc+18 
ns 


TOF 
Output 
Float Delay 
3.5 
16 
ns 
(4) 


SYNCHRONOUS 
INPUT TIMINGS 


T1S1 
Input Setup to CLKIN - 
AD31 :0, NMI, 
8 
ns 
(5) 
XINT7:0 


TIHl 
Input Hold from CLKIN - 
AD31 :0, NMI, 
2 
ns 
(5) 
XINT7:0 


T1S2 
Input Setup to CLKIN - 
RDYRCV and 
9 
ns 
(6) 
HOLD 


TIH2 
Input Hold from CLKIN - 
RDYRCV and 
1 
ns 
(6) 
HOLD 


T1S3 
Input Setup to CLKIN - 
RESET 
8 
ns 
(7) 


T1H3 
Input Hold from CLKIN - 
RESET 
2 
ns 
(7) 


T1S4 
Input Setup to RESET - 
ONCE, STEST 
8 
ns 
(8 ) 


TIH4 
Input Hold from RESET"":" 
ONCE, 
2 
ns 
(8) 
STEST 


RELATIVE 
OUTPUT 
TIMINGS 


TLXL 
ALE/ALE 
Width 
(9) 


TLXA 
Address 
Hold from ALE/ALE 
Inactive 
Equal 
0.5Tc - 7.5 
ns 
Loading 
(9) 


TDXD 
DT/R Valid to DEN Active 
Equal 
Loading 
(9) 


BOUNDARY 
SCAN TEST SIGNAL 
TIMINGS 


TBSF 
TCK Frequency 
0.5TF 
MHz 


TBSCH 
TCK High Time 
15 
ns 
Measured 
at 
1.5 V (1) 


TBSCL 
TCK Low Time 
15 
ns 
Measured 
at 
1.5V(1) 


TBSCR 
TCK Rise Time' 
5 
ns 
0.8 V to 2.0 
V (1) 


TBSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 
V (1) 


TBSISl 
Input Setup to TCK - 
TDI, TMS 
4 
ns 


TBSIHl 
Input Hold from TCK - 
TDI, TMS 
6 
ns 


TBSOVl 
TOO Valid Delay 
3 
30 
ns 
(1, 10) 


TBSOFl 
TOO Float Delay 
3 
30 
ns 
(1, 10) 
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Table 
17. 80960JO 
AC Characteristics 
(40 MHz) (Sheet 3 of 3) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


Tesovz 
All Outputs 
(Non-Test) 
Valid Delay 
3 
30 
ns 
(1.10) 


TBSOF2 
All Outputs 
(Non-Test) 
Float Delay 
3 
30 
ns 
(1.10) 


TBSIS2 
Input Setup to TCK - 
All Inputs (Non- 
4 
ns 
Test) 


TBSIH2 
Input Hold from TCK - 
All Inputs (Non- 
6 
ns 
Test) 
, 


NOTES. 


1. 
Not tested. 


2. 
To ensure 
a 1:1 relationship 
between 
the amplitude 
of the input jitter 
and the internal 
clock. 
the jitter 


frequency 
spectrum 
should 
not 
have 
any 
power 
peaking 
between 
500 
KHz 
and 
1/3 of the 
CLKIN 
frequency. 
. 


3. 
Inactive 
ALE/ALE 
refers to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 


timings. 
refer to Relative 
Output Timings 
in this table. 


4. 
A float,condition 
occurs when the output current 
becomes 
less than ILO' Float delay is not tested. 
but is 
designed 
to be no longer than the valid delay. 


5. 
AD31:0 
are synchronous 
inputs. Setup and hold times must be met for proper processor 
operation. 
NMI 
and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting 
setup 
and hold time guarantees 
recog- 
nition at a particular 
clock edge. 
For asynchronous 
operation. 
NMI and XINT7:0 
must be asserted 
for a 
minimum 
of two CLKIN 
periods to guarantee 
recognition. 


6. 
RDYRCV 
and HOLD 
are synchronous 
inputs. 
Setup and hold times 
must be met for proper 
processor 
operation. 
7. 
RESET may be synchronous 
or asynchronous. 
Meeting setup and hold time guarantees 
recognition 
at a 
particular 
clock edge. 


8. 
ONCE and STEST must be stable at the rising edge of RESET for proper operation. 
9. 
Guaranteed 
by design. 
May not be 100% tested. 


10. Relative to falling edge of TCK. 
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Table 
18. 80960JD 
AC Characteristics 
(33 MHz) (Sheet 1 of 2) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


INPUT 
CLOCK 
TIMINGS 


TF 
CLKIN 
Frequency 
8 
16.67 
MHz 
. 


Tc 
CLKIN Period 
60 
125 
ns 
. 


Tcs 
CLKIN' Period Stability 
± 250 
ps 
(1,2) 


TCH 
CLKIN 
High Time 
24 
ns 
Measured 
at 1.5 V (1) 


TCL 
CLKIN Low Time 
24 
ns 
Measured 
at .1.5 V (1) 


TCR 
CLKIN 
Rise Time 
8 
ns 
0.8 V to 2.0 V (1) 


TCF 
CLKIN Fall Time 
8 
ns 
2.0 V to 0.8 V (1) 


SYNCHRONOUS 
OUTPUT 
TIMINGS 


TOV1 
Output Valid Delay, ExcepL 
3.5 
19 
ns 
.(3) 
ALE/ALE 
Inactive 
and DT/R 


TOV2 
Output Valid Delay, DT/R 
0.5Tc + 
0.5Tc + 19 
ns 
3.5 


TOF 
Output 
Float Delay 
3.5 
18 
ns 
(4) 


SYNCHRONOUS 
INPUT TIMINGS 
, 


T1S1 
!!:!.el:!tSetup to CLKIN - 
AD31 :0, 
8 
ns 
(5) 
NMI, XINT7:0 


TIH1 
!!:!2!!t Hold from CLKIN - 
AD31 :0, 
2 
ns 
(5). 


NMI, XINT7:0 


T1S2 
Input Setup to CLKIN - 
RDYRCV 
9 
ns 
(6) 
and HOLD 
. 


TIH2 
Input Hold from CLKIN- 
1 
ns 
(6) 
RDYRCV and HOLD 


T1S3 
Input Setup to CLKIN - 
RESET 
8 
ns 
(7) 
• 


T1H3 
Input Hold from CLKIN - 
RESET 
2 
ns 
(7) 


T1S4 
Input Setup to RESET - 
ONCE, 
8 
ns 
(8) 
STEST 


TrH4 
Input Hold from RESET - 
ONCE, 
2 
ns 
(8) 
STEST 
, 


RELATIVE 
OUTPUT 
TIMINGS 


hXL 
ALE/ALE 
Width 
(9) 


T~XA 
Address 
Hold from ALE/ALE 
lnac- 
Equal Loading 
(9) 
tive 
0.5Tc - 8 
ns 


Toxo 
DT/R.Valid 
to DEN Active 
Equal Loading 
(9) 
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ns 
0.8 V to 2.0 V (1) 


TSSCF 
TCK Fall Time 
5 
ns 
2.0 V to 0.8 V (1) 


TSSIS1 
Input Setup to TCK - 
TDI, TMS 
4 
ns 


TSSIH1 
Input Hold from TCK - 
TDI, TMS 
6 
ns 


TSSOV1 
TDO Valid Delay 
3 
30 
ns 
(1, 10) 


TSSOF1 
TDO Float Delay 
3 
30 
ns 
(1,10) 


TSSOV2 
All Outputs 
(Non-Test) 
Valid Delay 
3 
30 
ns 
(1, 10) 


TSSOF2 
All Outputs 
(Non-Test) 
Float Delay 
3 
30 
ns 
(1,10) 


TSSIS2 
Input Setup to TCK - 
All Inputs 
4 
ns 
(Non-Test) 
-. 


TSSIH2 
Input Hold from TCK - 
All Inputs 
6 
ns 
(Non-Test) 
- 


NOTES: 


1. 
Not tested. 
2. 
To ensure 
a 1: 1 relationship 
between 
the amplitude 
of the input jitter and the internal 
clock, 
the jitter 


frequency 
spectrum 
should 
not have 
any 
power 
peaking 
between 
500 
KHz and 
1/3 of the 
CLKIN 
frequency. 
3. 
Inactive 
ALE/ALE 
refers to the falling 
edge of ALE and the rising edge of ALE. 
For inactive 
ALE/ALE 
timings, 
refer to Relative 
Output Timings 
in this table. 


4. 
A float condition 
occurs when the output current 
becomes 
less than ILO' Float delay is not tested, 
but is 


designed 
to be no longer than the valid delay. 


5. 
AD31:0 
are synchronous 
inputs. Setup and hold times must be met for proper processor 
operation. 
NMI 


and XINT7:0 
may be synchronous 
or asynchronous. 
Meeting 
setup and hold time guarantees 
recog- 


nition at a particular 
clock edge. For asynchronous 
operation, 
NMI and XINT7:0 
must be asserted 
for a 


minimum 
of two CLKIN periods to guarantee 
recognition. 


6. 
RDYRCV 
and HOLD are synchronous 
inputs. 
Setup and hold times must be met for proper 
processor 


operation. 
7. 
RESET 
may be synchronous 
or asynchronous. 
Meeting 
setup and hold time guarantees 
recognition 
at 


a particular 
clock edge. 


8. 
ONCE and STEST must be stable at the rising edge of RESET for proper operation. 


9. 
Guaranteed 
by design. 
May not be 100% tested. 


10. Relative 
to falling edge of TCK. 
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4.5.1 
AC Test Conditions and Derating Curves 


The AC Specifications in Section 4.5, AC Specifications 
are tested with the 50 pF load indicated in Figure 8. 


Figure 9 shows how timings vary with load capacitance; Figure 10 shows how output rise and fall times vary 
with load capacitance. 


Output 
Pin 0----1 


CL T 


CL = 50 pF for all signals 


Figure 8. AC Test Load 


AC Derating 
Curves 
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High-to-Low 
Transitions 


--- 
Low-to-High 
Transitions 


50 
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Figure 9. Output Delay or Hold vs. Load Capacitance 
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4.5.2 
AC Timing 
Waveforms 


Figure 10. 
Rise and Fall Time Derating 
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Figure 
11. 
CLKIN Waveform 
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. ADS. A3:2. 


BE3:0. 


WIDTHlHL 
TDl :0. 


DIG. WiR. DEN. 


BLAST. LOCK. 
HOLOA, BSTAT. FAIL 


Figure 12. Output Delay Waveform for TOV1 
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Figure 13. Output Float Waveform for TOF 
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AD31:0 
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NMI 


XINT7:0 


Figure 14. Input Setup and Hold Waveform for T1S1 and TIH1 
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Figure 15. Input Setup and Hold Waveform for TIS2 and TIH2 . 
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Figure 
16. 
Input 
Setup 
and Hold Waveform 
for TIS3 and TIH3 
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Figure 
17. 
Input 
Setup 
and Hold Waveform 
for TIS4 and TIH4 


J PRELIMINARY 
1-323 


80960JD 
intel~ 


CLKIN 
[ 


TLXL 


ALE 
[ 
ALE 


AD31:0 
1.5V 


Figure 18. 
Relative 
Timings 
Waveform 
for TLXL and TLXA 
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Figure 
20. 
TCK Waveform 


Figure 
21. 
Input 
Setup 
and Hold Waveforms 
for TBSIS1 and T BSIH1 
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Figure 
22. 
Output 
Delay and Output 
Float Waveform 
for TBSOV1 AND TBSOF1 
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Figure 
23. 
Output 
Delay and Output 
Float Waveform 
for TBSOV2 and TBSOF2 
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Figure 
24. 
Input 
Setup 
and Hold Waveform 
for T BSIS2 and T BSIH2 


IPRELIMINARY 
1-327 


1-328 


T, 
1 r, 
I r, 
I 
Ta ,Td 
! 
T, 
r, 
r, 


CLKIN [ 


AD31:0 [~ 
I~Valid: B_.....-_D_A...,T_A_Out_.,....._..,... 


ALE [ ~I.,-:---.----.----.-----:-1 


1 
r\L,-: 
--.-----...--~....,... 
I 
I 


U 
ADS[:0 


A3:2[J 
: 


BE3:0 [ :\ 
I 


WIDTH1:0 [) 
10 


DIe[J 


1 


wiFi.[:\ 


:x 


: 
10 


I 


BLAST [ 


DT/R [ 
71...,.:-----r-......---;-....I1 


DEN [ 


Figure 25. Non-Burst Read and Write Transactions Without Wait States, 32-Bit Bus 
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Figure 27. Burst Write Transactions 
With 2.1.1.1 Wait States, 32·Bit Bus 
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Figure 28. Burst Read and Write Transactions 
Without Wait States, 8·Blt Bus 
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Figure 
29. 
Burst 
Read and Write 
Transactions 
With 
1, 0 Wait States 
and Extra 
Tr State 
on Read, 16-Blt 
Bus 
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Figure 30. Bus Transactions 
Generated 
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Misaligned 
One Byte From Quad Word Boundary, 
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Notes: 
1, The processor 
asserts 
FAIL during 
built-in self-test. 
If self- test pa~ 
the FAIL pin is deasserted.The 
processor 
also asserts 
FAIL 
during the bus confidence 
test. If the bus confidence 
test passes, 
FAIL is deasserted 
and the processor 
begins 
user program 
execution. 


2, If the processor 
fails built-in self-test, 
it initiates one dummy 
load bus access, 
The load address 
indicates 
the point of self-test 
failure. 


3, Since the bus is idle, hold requests 
are honored 
during reset and built-in self-test. 
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CLKIN may not be allowed 
to float. 


It must be driven 
high or low or continue 
to run. 
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NOTES: 


1. ONCE mode may be entered 
prior to the rising edge of RESET: ONCE input is not latched 
until the rising edge of RESET. 


2. The ONCE input may be removed 
after the processor 
enters ONCE Mode. 


-- 
::Jc( 


<XIo 
CD 
01o 
C- 
C 


Triple Word 
16 


Quad Word 
16 


Table 20. 
Summary 
of Byte 
Load and Store 
Accesses 


Address 
Offset 
from 
Accesses 
on 8-Bit 
Bus 
Accesses 
on 16 Bit Bus 
Accesses 
on 32 Bit Bus 
Natural 
Boundary 
(WIDTH1 :0=00) 
(WIDTH1 :0=01) 
(WIDTH1 :0=10) 
(in Bytes) 


+0 (aligned) 
• byte access 
• byte access 
• byte access 


Table 21. 
Summary 
of Short 
Word 
Load 
and Store 
Accesses 


Address 
Offset 
from 
Accesses 
on 8-Bit 
Bus 
Accesses 
on 16 Bit Bus 
Accesses 
on 32 Bit Bus 
Natural 
Boundary 
(WIDTH1 :0=00) 
(WIDTH1 :0=01) 
(WIDTH1 :0=10) 
(in Byt.::s) 


+0 (aligned) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 


+1 
• 2 byte accesses 
.- 
• 2 byte accesses 
• 2 byte accesses 


~ 
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Table 22. 
Summary 
of ".Word 
Load and Store 
Accesses 
(n = 1, 2, 3, 4) 


Address 
Offset 
Accesses 
on a·Blt 
Bus 
Accesses 
on 16 Bit Bus 
Accesses 
on 32 Bit 
from 
Natural 
(WIDTH1 :0=00) 
(WIDTH1 :0=01) 
Bus (WIDTH1:0=10) 
Boundary 
In Bytes 


+0 (aligned) 
• n burst(s) 
of 4 bytes 
• case n=1: 
• burst of n word(s) 
(n =1, 2, 3, 4) 
burst of 2 short words 


• case n=2: 
burst of 4 short words 


• case n=3: 
burst of 4 short words 
burst of 2 short words 


• case n=4: 
2 bursts of 4 short words 


+1 (n =1,2,3,4) 
• byte access 
• byte access 
• byte access 
+5 (n = 2, 3, 4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 


+9 (n = 3, 4) 
• n-1 burst(s} of 4 bytes 
• n-1 burst(s) 
of 2 short words 
• n-1 word access(es) 
+13(n=3,4) 
• byte access 
• byte access 
• byte access 


+2 (n =1, 2, 3, 4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+6 (n = 2, 3, 4) 
• n-1 burst(s) of 4 bytes 
• n-1 burst(s) 
of 2 short words 
• n-1 word access(es) 


+10(n=3,4) 
• burst of 2 bytes 
• short-word 
access 
• short-word 
access 
+14(n=3,4) 


+3 (n =1, 2, 3, 4) 
• byte access 
• 
byte access 
• byte access 
+7 (n = 2,3,4) 
• n-1 burst(s} of 4 bytes 
• n-1 burst(s) 
of 2 short words 
• n-1 word access(es} 
+11 (n= 3, 4) 
• bu rst of 2 bytes 
• short-word 
access 
• short-word 
access 
+15(n=3,4) 
• byte access 
• byte access 
• byte access 


+4 (n = 2, 3, 4) 
• n burst(s) 
of 4 bytes 
• n burst(s) 
of 2 short words 
• n word access(es) 
+8 (n = 3, 4) 
+12(n=3,4} 
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Byte Offset r~ 
..1i 
~i__-:-_~_~_ 


Word Offset 0 
2 


Short-Word 
Load/Store 


Word 
Load/Store 


Double-Word 
Load/Store 


12 
16 
20 
24 
I 
I 
I 
I 
3 
4 
5 
6 


I 
I 


I 
I 


I 
I 


I 
I 


I 
I 


I 
I 


I 
I 


Short Access (Aligned) 


Short Access (Aligned) 


;CO 
Byte. Byte Accesses 


f ·.'.1 Word Acces~ (Aligned) 
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Byte. Short. Byte. Accesses 
L-L-~;~ 
f 
I 


11t&i!;j 
Short. Short Accesses 
ca 
Byte. Short. ByteIAccesses 


''''-;:.:::~::':'=l;'::':':i::'=:)::] 
One Double-~ord Burst (AIi~ned) 


I m 
DByte. 
Short. Word. Byte Accesses 


I 
I 


Short. Word. Short Accesses 


I 
I 


I 


I 


I 


I 


I 


I 


------::==:=::L_~, 
I 


] 
One Double-Word 
:..... 
l Burst (Aligned) 


I 


Figure 35. Summary 
of Aligned 
and Unallgned 
Accesses 
(32-Blt 
Bus) 
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o 
4 
8 
12 
16 
20 
24 


Byte Offset 1====1====1====1====1====1 __ 
1 
o 
Word Offset 


Triple-Word 
Load/Store 


Quad-Word 
Load/Store 


2 
6 
4 


I 


One Three-Word 


:=:::::::~~..,.Burst 
(Align~d) 


Byte, Short, Word, 
Word, 
Byte Accesses 


3 
5 


I 


. I 


Short, Word, 
Word, 
Short Accesses 


Byte, Word, Word, 
Short, 
Byte Accesses 


I 


Word, Word, 
Word Accesses 


Word, 
Word, 
Word 
Accesses 


I 
I 


I 


I 


Byte, Short, Word, 
Word, 


Word, 
Byte Accesses 


I 
I 


Short, Word, 
Word, 
Word, 


Short Accesses 


Word, 
Word, 
Word, 
Word, 
Accesses 


Figure 36_ Summary of Aligned and Unallgned Accesses (32-Blt Bus) (Continued) 
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• The IEEE Standard 
1149.1 Test Access 
Port may select the DEVICE 
ID register through 
the IDCODE 


instruction. 


The device 
and stepping 
letter is also printed on the top side of the product 
package. 
' 


Table 23. 
80960JD 
Die and Stepping 
Reference 


Device 
and 
Version 
Part Number 
Manufacturer 
. 
X 
Complete 
ID 
Stepping 
Number 
(Hex) 


80960JD 
A, A2 
0000 
1000 1000 0010 0000 
00000001 
001 
1 
08820013 


NOTE: 
This data sheet applies to the 80960JD 
A and 80960JD 
A2 steppings. 


7.0 
REVISION 
HISTORY 


This data sheet 
supersedes 
revision 
272596-001. 
Table 24 indicates 
slqnlflcantchanqes 
since the previous 
revision. 


Table 24. 
Data Sheet 
Version 
-001 to -002 Revision 
History 
(Sheet 1 of 2) 


Table 13, 80960JD 
DC Characteristics 
(pg. 24) 
Removed 
Icc characteristics. 
Added VOLP (output 
. 
ground 
bounce) 
specification 


Table 14, 80960JD 
ICC Characteristics 
(pg. 
New table for comprehensible 
lee characteristics. 


25) 
Added 
lee's for reset mode. Halt Icc for: 80960JD-50 
(max) improved 
from 56 mA to 48 mA, 80960JD-40 
(max) improved 
from 44 mA to 41mA. ONCE 
Icc 
Improved 
from 30 mA to 10 mA, 


Section 
4.5, AC Specifications 
(pg. 26) 
Grouped 
AC Specifications 
tables by frequency. 
Added 
40 MHz and 33 MHz AC specifications. 


Table 15, 80960JD 
AC Characteristics 
(50 
Tcs (max) improved 
from ±0.1 % to ±250 ps 
MHz) (pg. 26) Section 
INPUT CLOCK 
TIMINGS 


Table 15, 80960JD 
AC Characteristics 
(50 
Tov1 (min) improved 
from 3.0 ns to 3.5 ns. Tov2 (m in) 


MHz) (pg. 26) Section 
SYNCHRONOUS 
improved 
from 0.45T c + 3.0 ns to 0.5T c + 3.5 ns. ToF 


OUTPUT 
TIMINGS 
(min) improved 
from 3.0 ns to 3.5 ns. ToF (max) 
improved 
from 17 ns to 15 ns. 
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Table 
24. 
Data Sheet 
Version 
-001 to -002 Revision 
History 
(Sheet 2 of 2) 


Table 15, 80960JD 
AC Characteristics 
(50 
T1S2 (mln) Improved 
from 10 ns to 9 ns 
MHz) (pg. 26) Section 
SYNCHRONOUS 
INPUT TIMINGS 


Table 15, 80960JD 
AC Characteristics 
(50 
T LXL' T LXA, and T OXO (mln) Improved 
from .45T c - 3 ns 
MHz) (pg. 26) Section 
RELATIVE 
OUTPUT 
to .5T c - 7.5 ns. 


TIMINGS 


Table 15, 80960JD 
AC Characteristics 
(50 
T BSF (max) Improved 
from 8 MHz to .5T FT BSIS1 (min) 
MHz) (pg. 26) Section 
BOUNDARY 
SCAN 
Improved 
from 8 ns to 4 ns. T BSIH1 (mln) Improved 
TEST SIGNAL 
TIMINGS 
from 10 ns to 6 ns. T BSIS2 (mln) Improved 
from 8 ns to 


4 ns. T BSIH2 (mln) Improved 
from 10 ns to 6 ns. 
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• 
32-bit Parallel Architecture 
Two Instructions/clock 
Execution 
Load/Store 
Architecture 
Sixteen 32-bit Global Registers 
Sixteen 32-bit Local Registers 
Manipulates 
64-bit Bit Fields 
11 Addressing 
Modes 
Full Parallel Fault Model 
Supervisor 
Protection 
Model 


• 
Fast Procedure 
Call/Return 
Model 
- 
Full Procedure 
Call in 4 Clocks 


• 
On-Chip 
Register Cache 
Caches Registers 
on Call/Ret 
- 
Minimum 
of 6 Frames Provided 
- 
Up to 15 Programmable 
Frames 


• 
On-Chip 
Instruction 
Cache 
1 Kbyte Two-Way Set Associative 
- 
128-bit Path to Instructlon 
Sequencer 
- 
Cache-Lock 
Modes 
- 
Cache-Off 
Mode 


• 
High Bandwidth 
On-Chip 
Data RAM 
1 Kbyte On-Chip Data RAM 
- 
Sustains 
128 bits per Clock Access 


• 
Four On-Chip 
DMA Channels 
59 Mbytes/s 
Fly-by Transfers 
32 Mbytes/s Two-Cycle 
Transfers 
Data Chaining 
Data Packing/Unpacking 
Programmable 
Priority 
Method 


• 
32-Bit Demultiplexed 
Burst Bus 
128-bit Internal 
Data Paths to and 
from Registers 
Burst Bus for DRAM Interfacing 
Address 
Pipelining 
Option 
Fully Programmable 
Wait States 
Supports 
8-, 16- or 32-bit Bus Widths 
Supports 
Unaligned 
Accesses 
Supervisor 
Protection 
Pin 


• 
Selectable 
Big or Little Endian Byte 
Ordering 


• 
High-Speed 
Interrupt 
Controller 
Up to 248 External 
Interrupts 
32 Fully Programmable 
Priorities 
Multi-mode 
8-bit Interrupt 
Port 
Four Internal 
DMA Interrupts 
Separate, Non-maskable 
Interrupt 
Pin 
Context 
Switch 
in 750 ns Typical 


Order Number: 
270727.(l06 
I 
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This complete document is available from Intel's World Wide Website 
and/or V.S.Literature 
Center: 


World Wide Website: 
http://www.intel.com 


V.S.Literature 
Center: 
800-548-4725 


in other geographies, 
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80960CF-40, -33, -25, -16 
32-BIT HIGH-PERFORMANCE 
SUPERSCALAR 
EMBEDDED MICROPROCESSOR 


• Socket and Object Code Compatible 
with B0960CA 
• Two Instructions/Clock 
Sustained 
Execution 
• Four 71 Mbytes/s 
DMA Channels 
with Data Chaining 
• Demultiplexed 
32-Bit Burst Bus with Pipelining 


• 
32-Bit Parallel Architecture 
- 
Two Instructions/clock 
Execution 
Load/Store Architecture 
Sixteen 32-Bit Global Registers 
Sixteen 32-Bit Local Registers 
Manipulates 64-Bit Bit Fields 
11 Addressing 
Modes 
Full Parallel Fault Model 
Supervisor 
Protection Model 
• 
Fast Procedure Call/Return Model 
- 
Full Procedure Call in 4 Clocks 


• 
On-Chip Register Cache 
- 
Caches Registers on Call/Ret 
- 
Minimum of 6 Frames Provided 
- 
Up to 15 Programmable Frames 
• 
On-Chip Instruction 
Cache 
4 Kbyte Two-Way Set Associative 
- 
128-Bit Path to Instruction 
Sequencer 
- 
Cache-Lock Modes 
- 
Cache-Off Mode 
• 
High Bandwidth On-Chip Data RAM 
- 
1 Kbyte On-Chip Data RAM 
- 
Sustains 128 bits per Clock Access 
• 
Selectable Big or Little Endian Byte 
Ordering 


• 
Four On-Chip DMA Channels 
71 Mbytes/s Fly-by Transfers 
40 Mbytes/s Two-Cycle Transfers 
- 
Data Chaining 
- 
Data Packing/Unpacking 
- 
Programmable Priority Method 
• 
32-Bit Demultiplexed Burst Bus 
128-Bit Internal Data Paths to and from 
Registers 
Burst Bus for DRAM Interfacing 
Address Pipelining Option 
Fully Programmable Wait States 
Supports 8-, 16- or 32-Bit Bus Widths 


.....:Supports Unaligned Accesses 
- 
Supervisor Protection Pin 
• 
High-Speed Interrupt Controller 
Up to 248 External Interrupts 
32 Fully Programmable Priorities 
Multi-mode 8-Bit Interrupt Port 
Four Internal DMA Interrupts 
Separate, Non-maskable Interrupt Pin 
Context Switch in 625 ns Typical 


• 
On-Chip Data Cache 
1 Kbyte Direct-Mapped, Write Through 
- 
128 bits per Clock Access on Cache Hit 


I 
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Instruction 


Preietch 
Queue 


Instruction 
Cache 
(4 Kbyte, Two-Way 
Set Associative) 


Interrupt 
,-- 
--, 


Port 


128-BIT 
CACHE 
BUS 


Register-side 


Machine 
Bus 


Six-Port 
Register 
File 


Parallel 
Instruction 
Scheduler 


Memory-side 


Machine 
Bus 


Programmable 


Interrupt 
Controller 
1 Kbyte 
Direct Mapped 
Data Cache 
Multiply/Divide 
Unit 


64-Bit 
32-Bit 
SRC1 
Bus 
Base Bus 


64-Bit 
128-Bit 
SRC2 
Bus 
Load Bus 


64-Bit 
128-Bit 
DST Bus 
Store 
Bus 


1 Kbyte 
Data RAM 


5to 
15 Sets 
Register 
Cache 


The 80960CF, 
object code compatible 
with the 32-bit 
80960 
core Architecture, 
employs 
Special 
Function 
Register 
extensions 
to control 
on-chip 
peripherals 
and 
instruction 
set 
extensions 
to 
shift 
64-bit 
operands 
and configure 
on-chip 
hardware. 
Multiple 


128-bit 
internal 
buses, 
on-chip 
instruction 
caching 
and a sophisticated 
instruction 
scheduler 
allow 
the 
processor 
to sustain 
execution 
of two 
instructions 
per clock 
with 
peak 
execution 
of three 
instructions 
per clock. 


Figure 1. 80960CF 
Block Diagram 


A 
32-bit 
demultiplexed 
and 
pipelined 
burst 
bus 
provides 
a 
132 Mbyte/s 
bandwidth 
to 
a system's 
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high-speed 
external 
memory 
subsystem. 
Also, 
the 


80960CF's 
on-Chip 
caching 
of instructions, 
proce- 


dure context 
and critical 
program 
data substantially 


decouples 
system 
performance 
from the wait states 
associated 
with 
accesses 
to the 
system's 
slower, 


cost sensitive, 
main memory 
subsystem. 


The 80960CF 
bus controller 
integrates 
full wait state 
and 
bus 
width 
control 
for 
highest 
system 
perfor- 


'rnance 
with 
minimal 
system 
design 
complexity. 


Unaligned 
access and Big Endian byte order support 


reduces 
the cost 
of porting 
existing 
applications 
to 
the 80960CF. 
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The 
processor 
also 
integrates 
four 
complete 
data- 
chaining 
DMA channels 
and a high-speed 
interrupt 
controller 
on-chip. 
DMA 
channels 
perform 
single- 
cycle 
or 
two-cycle 
transfers, 
data 
packing 
and 
unpacking 
and data chaining. 
Block 
transfers 
- 
in 
addition 
to source or destination 
synchronized 
trans- 
fers - 
are supported. 
' 


The interrupt 
controller 
provides 
full programmability 
of 248 interrupt 
Sources into 32 priority 
levels with a 
typical 
interrupt 
task switch 
(latency) 
time of 625 ns. 


2.1 
The 80960C-SeriesCore 


The 
C-Series 
core 
is 
a 
very 
high 
performance 
microarchitectural 
implementation 
of the 80960 Core 
Architecture. 
This core can sustain 
execution 
of two 


instructions 
per 
clock 
(80 MIPS 
at 
40 MHz). 
To 
achieve 
this level of performance, 
Intel has incorpo- 
rated state-of-the-art 
silicon 
technology 
and innova- 
tive 
microarchitectural 
constructs 
into the C-Series 
core 
implementation. 
Factors 
that 
contribute 
to the 
core's performance 
include: 


• Parallel instruction 
decoding 
allows issuance 
of up 


to three instructions 
per clock 


• Single-clock 
execution 
of most instructions 


• Parallel instruction 
decode 
allows sustained, 
simultaneous 
execution 
of two single-clock 
instruc- 
tions every clock cycle 


• Efficient instruction 
pipeline 
minimizes 
pipeline 
break losses 


• Register 
and resource 
scoreboarding 
allow simul- 
taneous 
multi-clock 
instruction 
execution 


• Branch look-ahead 
and prediction 
allows many 
branches 
to execute 
with no pipeline 
break 


• Local Register 
Cache integrated 
on-chip 
caches 
Call/Return 
context 


• Two-way 
set associative, 
4 Kbyte integrated 
instruction 
cache 


• 1 Kbyte integrated 
Data RAM sustains 
a four-word 
(128-bit) 
access every clock cycle 


• Direct mapped, 
1 Kbyte data cache, write through, 


write allocate 
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2.2 
Pipelined,BurstBus 


A 32-bit 
high performance 
bus controller 
interfaces 
the 80960CF 
to external 
memory 
and 
peripherals. 


The Bus Control 
Unit features 
a maximum 
transfer 
rate of 160 Mbytes 
per. second 
(at 40 MHz). 
Inter- 
nally 
programmable 
wait 
states 
and 
16 separately 
configurable 
memory 
regions 
allow the processor 
to 
interface 
with a variety of memory 
subsystems 
with a 
minimum 
of system 
complexity 
and a maximum 
of 
performance. 
The 
Bus Control 
Unit's 
main features 
inClude: 


• Demultiplexed, 
burst bus to exploit most efficient 
DRAM access 
modes 


• Address 
pipelining 
to reduce memory 
cost while 
maintaining 
performance 


• 32-,16- 
and 8-bit modes for I/O interfacing 
ease 


• Full internal wait state generation 
to reduce system 


• 
cost 
. 


• Little and Big Endian support to ease application 
development 
. 


• Unaligned 
access support 
for code portability 


• Three-deep 
request queue to decouple 
the bus 
from the' core 


2.3 
InstructionSet Summary 


Table 1 summarizes 
the 80960CF 
instruction 
set by 


logical 
groupings. 
See the i96cf1Pex Microprocessor 
User's 
Manual 
(270710) 
for a complete 
description 
of the instruction 
set. 


2.4 
FlexibleDMAController 


A four-channel 
DMA controller 
provides 
high speed 
DMA control 
for data transfers 
involving 
peripherals 
and memory. 
The DMA provides 
advanced 
features 
such 
as data 
chaining, 
byte 
assembly 
and 
disas- 
sembly 
and a high performance 
fly-by mode capable 
of transfer 
speeds 
of up to 71 Mbytes 
per second 
at 
40 MHz. The DM~ controller 
features 
a performance 
and flexibility 
which 
is only 
possible 
by integrating 
the DMA controller 
and the 80960CF 
core. 
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Data Movement 
Arithmetic 
Logical 
Bit / Bit Field / Byte 


Load 
Add 
And 
Set Bit 


Store 
Subtract 
Not And 
Clear 
Bit 


Move 
Mu~iply 
And Not 
Not Bit 


Load Address 
Divide 
Or 
Alter Bit 


Remainder 
Exclusive 
Or 
Scan For Bit 


Modulo 
NotOr 
Span Over Bit 


Shift 
Or Not 
Extract 
. 


"Extended 
Shift 
Nor 
Modify 


Extended 
Multiply 
Exclusive 
Nor 
Scan Byte for Equal 


Extended 
Divide 
Not 


Add with Carry 
Nand 


. 
Subtract 
with Cacry 


Rotate 


Comparison 
Branch 
Call/Return 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 


Conditional 
Compare. 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
and Increment 
Compare 
and Branch 
Call System 


Compare 
and Decrement 
Return 


Test Condition 
Code 
Branch 
and Link 


Check 
Bit 


Debug 
Processor 
Mgmt 
Atomic 


Modify 
Trace Controls 
Flush Local 
Registers 
AiomicAdd 


Mark 
Modify. Arithmetic 
Controls 
Atomic 
Modify 


Force Mark 
Modify 
Process 
Controls 


"System 
Control 


"DMA 
Control 


NOTES: 
Instructions 
marked by (*) are 80960Cx 
extensions 
to the 80960 instruction 
set. 
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3.0 
PACKAGEINFORMATION 


3.1 
PackageIntroduction 


This section 
describes 
the pins, pinouts 
and thermal 
characteristics 
for 
the 
80960CF 
in 
the 
168-pin 
Ceramic 
Pin 
Grid 
Array 
(PGA) 
package; 
the 
80960CF-33, 
-25, -16 devices 
are also available 
in 
the 196-pin 
Plastic 
Quad 
Flat Package 
(PQFP). 
For 


complete 
package 
specifications 
and 
information, 


see the Packaging 
Handbook 
(# 240800). 


3.2 
Pin Descriptions 


This 
section 
defines 
the 
80960CF 
pins. 
Table 
2 
presents 
the legend 
for interpreting 
the pin descrip- 


tions in the following 
tables. 
Pins associated 
with the 
32-bit demultiplexed 
processor 
bus are described 
in 
Table 
2. 
Pins 
associated 
with 
the 
80960CF 
DMA 
Controller 
and Interrupt 
Unit are described 
in Table 3. 


Pins associated 
with 
basic 
processor 
configuration 
and control 
are described 
in Table 2. 


All 
pins 
float 
while 
the 
processor 
is in the 
ONCE 
mode. 
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Symbol 
Description 
I 
Input only pin 


0 
Output only pin 


110 
Pin can be either an input or output 
- 
Pins "must be" connected 
as described 


S( ...) 
Synchronous. 
Inputs must meet setup 
and hold times relative to PCLK2: 1 for 
proper operation. 
Outputs 
are synchro- 
nous to PCLK2:1, 


S(E) 
Edge sensitive 
input 
S(L) 
Level sensitive 
input 


A( ...) 
Asynchronous. 
Inputs may be asynchro- 
nous to PCLK2:1. 
A(E) 
Edge sensitive 
input 
A(L) 
Level sensitive 
input 


H( ...) 
While the bus is in the Hold Acknowledge 
or Bus Backoff state, the pin: 
H(1) 
is driven to Vcc 
H(O) 
is driven to VSS 
H(Z) 
floats 
H(Q) 
continues 
to be a valid input 


R(...) 
While the processor's 
RESET pin is low, 


the pin: 


R(1) 
is driven to Vcc 
R(O) 
is driven to Vss 
R(Z) 
floats 
R(Q) 
continues 
to be a valid output 
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Table 2. 80960CF 
Pin Description 
- 
External 
Bus Signals 
(Sheet 
1 of 3) 


Name 
Type 
Description 


A31:2 
0 
ADDRESS 
BUS carries the physical 
address' 
upper 30 bits. A31 is the most significant 
S 
bit; A2 is least significant. 
During a bus access, 
A31:2 identify all external 
addresses 
to 
H(Z) 
word (4·byte) 
boundaries. 
Byte enable signals indicate the selected 
byte in each word. 


R(Z) 
Durlnq burst accesses, 
A3:2 increment 
to indicate 
successive 
data cycles. 


D31:0 
VO 
DATA BUS carries 32-,16- 
or 8-bit data quantities 
depending 
on bus width configura- 


S(L) 
tion. The least significant 
bit is carried on DO and the most significant 
on 031. When the 
H(Z) 
bus is configured 
for 8-bit data, the lower 8 data lines, 07:0 are used. For 16-bit data 
R(Z) 
bus widths, 
015:0 
are used. For 32-bit bus widths the full data bus is used. 


~ 
0 
BYTE ENABLES 
select which of the four bytes addressed 
by A31:2 are active during 


S 
an access to a memory 
region configured 
for a 32-bit data-bus 
width. BE3 applies to 
H(Z) 
031 :24; BE2 applies to 023:16; BET applies to 015:8 
~ 
applies to 07:0. 


R(1) 
32-bit bus: 


BE3 
Byte Enable 3 
enable 
031 :24 
SE2 
Byte Enable 2 
enable 
023:16 
BET 
Byte Enable 
1 
enable 
015:8 
~ 
Byte Enable 0 
enable 
07:0 


For accesses 
to a memory 
region configured 
for a 16-bit data-bus 
width, the processor 


uses the BE3, BET and ~ 
pins as "SHE,A 1 and SCE respectively. 


16-bit bus: 
BE3 
Byte High Enable ("SHE) 
enable 
015:8 
BE2 
Not used (driven high or low) 
BET 
Address 
Bit 1 (A 1) 
~ 
Byte Low Enable (SCE) 
enable 
07:0 


For accesses 
to a memory 
region configured 
for an 8-bit data-bus 
width, the processor 


uses the BET and BEi pins as A 1 and AO respectively. 


8-bit bus: 


BE3 
Not used (driven high or low) 
BE2 
Not used (driven high or low) 
BET 
Address 
Bit 1 (A 1) 
BEi 
Address 
Bit 0 (AO) 


WIR 
0 
WRITE/READ 
is asserted 
for read requests 
and deasserted 
for write requests. 
The 
S 
WfR signal changes 
in the same clock cycle as AIJS. It remains valid for the entire 
H(Z) 
access 
in non-pipelined 
regions. 
In pipelined 
regions, WfR is not guaranteed 
to be valid 


R(O) 
in the last cycle of a read access. 
• 


ADS 
0 
ADDRESS 
STROBE 
indicates 
a valid address 
and the start of a new bus access. 
AIJS 


S 
is asserted 
for the ftrst clock of a bus access. 


H(Z) 
R(1) 


READY 
I 
READY 
is an input which signals the termination 
of a data transfer. 
~ 
is used to 
S(L) 
indicate that read data on the bus is valid or that a write-data 
transfer 
has completed. 


H(Z) 
The READY signal works in conjunction 
with the internally 
programmed 
wait-state 
R(Z) 
generator. 
If READy 
is enabled 
in a region, the pin is sampled 
after the programmed 
number of wait-states 
has expired. 
If the READY pin is deasserted, 
wait states continue 


to be inserted 
until READY 
becomes 
asserted. 
This is true for the NRAD, NRDD, NWAD 
and NWDD wait states. The NXDA wait states cannot 
be extended. 
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Table 2. 80960CF 
Pin Description 
- 
External 
Bus Signals 
(Sheet 2 of 3) 


Name 
Type 
Description 


BTERM 
I 
BURST 
TERMINATE 
is an input which breaks up a burst access and causes 
another 
S(L) 
address 
cycle to occur. The BT"ER"M signal works in conjunction 
with the internally 
H(Z) 
programmed 
wait-state 
generator. 
If l1EAJYii' and BT"ER"M are enabled 
in a region, the 
R(Z) 
BT"ER"M pin is sampled 
after the programmed 
number of wait states has expired. 
When 
BT"ER"M is asserted, 
a new AITS· signal is generated 
and the access 
is completed. 
The 
l1EAJYii' input is ignored when BT"ER"M is asserted. 
BT"ER"M must be externally 
synchro- 
nized. to satisfy BT"ER"M setup and hold times. 


WAIT 
0 
WAIT indicates 
internal wait state generator 
status. WArT is asserted 
when wait states 
S 
are being caused by the internal wait state generator 
and not by the READY 
or BTER"fVf 
H(Z) 
inputs. WArT can be used to derive a write-data 
strobe. WArT can also be thought 
of as 
R(1) 
a l1EAJYii' output that the processor 
provides 
when it is inserting 
wait states. 


BLAST 
0 
BURST 
LAST indicates 
the last transfer 
in a bus access. BIAST 
is asserted 
in the last 
S 
data transfer 
of burst and non-burst 
accesses 
after the wait state counter 
reaches zero. 


H(Z) 
BIAST 
remains asserted 
until the clock following 
the last cycle of the last data transfer 
R(O) 
of a bus access. 
If the l1EAJYii' or STER1ii1 input is used to extend wait states, the 
BIAST 
signal remains asserted 
untill1EAJYii' 
or BTERM terminates 
the access. 


DTIA 
0 
DATA TRANSMITIRECEIVE 
indicates 
direction 
for data transceivers. 
DT!J=iis used in 
S 
conjunction 
with DEN to provide 
control for data transceivers 
attached 
to the external 
. 
H(Z) 
bus. When DT!J=iis asserted, 
the signal indicates 
that the processor 
receives 
data. 


R(O) 
Conversely, 
when deasserted, 
the processor 
sends data. DT/Fi changes 
only while 
DEN is high. 


OEN 
0 
DATA ENABLE 
indicates 
data cycles in a bus request. DEN is asserted 
at the start of 
S 
the bus request first data cycle and is deasserted 
at the end of the last data cycle. DEN 
H(Z) 
is used in conjunction 
with DT!J=ito provide control for data transceivers 
attached 
to the 
R(1) 
external 
bus. DEN remains asserted 
for sequential 
reads from pipelined 
memory 
regions. r>EfJ is deasserted 
when DT!J=ichanges. 


~ 
0 
BUS LOCK 
indicates 
that an atomic 
read-rnodify-wrtte 
operation 
is in progress. 
COCl< 
S 
may be used to prevent external 
agents from accessing 
memory 
which is currently 
H(Z) 
involved 
in an atomic operation. 
COCl< is asserted 
in the first clock of an atomic 
opera- 


R(1) 
tion and deasserted 
in the clock cycle following 
the last bus access for the atomic 
operation. 
To allow the most flexibility 
for memory 
system 
enforcement 
of locked 
accesses, 
the processor 
acknowledges 
a bus hold request when COCK is asserted. 
The processor 
performs 
DMA transfers 
while COCl< is active. 


HOLD 
I 
HOLD 
REQUEST 
signals that an external 
agent requests 
access to the external 
bus. 


S(L) 
The processor 
asserts 
HOLDA after completing 
the current 
bus request. 
HOLD, 
H(Z) 
HOLDA 
and BREQ are used together 
to arbitrate 
access to the processor's 
external 
R(Z) 
bus by external 
bus agents. 


BUFF 
I 
BUS BACKOFF, 
when asserted, 
suspends 
the current' access and causes the bus pins 
S(L) 
to float. When BOFF is deassertsd, 
the AITS signal is asserted 
on the next clock cycle 
H(Z) 
and the access is resumed. 
R(Z) 
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Table 2. 80960CF 
Pin Description 
- 
External 
Bus Signals 
(Sheet 3 of 3) 


Name 
Type 
Description 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates 
to a bus requestor 
that the processor 
has relin- 
S 
quished 
control 
of the external 
bus. When HOLDA 
is asserted, 
the external 
address 
H(1) 
bus, data bus and bus control signals are floated. 
HOLD, BOFF, HOLDA and BREQ are 
R(Q) 
used together 
to arbitrate 
access to the processor's 
external 
bus by external 
bus 
agents. 
Since the processor 
grants HOLD requests 
and enters the Hold Acknowledge 


state even while RESET 
is asserted, 
the state of the HOLDA 
pin is independent 
of the 


~pin. 


BREQ 
0 
BUS REQUEST 
is asserted 
when the bus controller 
has a request pending. 
BREQ can 
S 
be used by external 
bus arbitration 
logic in conjunction 
with HOLD and HOLDA to deter- 
H(Q) 
mine when to return mastership 
of the external 
bus to the processor. 
R(O) 


D/C 
0 
DATA OR CODE is asserted 
for a data request and deasserted 
for instruction 
requests. 


§> 
D/C has the same timing as WIR. 
H(Z) 
R(Z) 


DMA 
0 
DMA ACCESS 
indicates 
whether 
the bus request 
was initiated 
by the DMA controller. 


S 
DMA is asserted 
for any DMA request. DMA is deasserted 
for all other requests. 


H(Z) 
R(Z) 


SUP 
0 
SUPERVISOR 
ACCESS 
indicates 
whether 
the bus request 
is issued while in super- 
S 
visor mode. SOP is asserted 
when the request 
has supervisor 
privileges 
and is 
H(Z) 
deasserted 
otherwise. 
SUP- can be used to isolate supervisor 
code and data structures 
R(Z) 
from non-supervisor 
requests. 
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Table 3. 80960CF 
Pin Description 
- 
Processor 
Control 
Signals 
(Sheet 
1 of 2) 


Name 
Type 
Description 


RESET 
I 
RESET causes the chip to reset. When RESET is asserted, 
all external 
signals return 


A(L) 
to the reset state. When RESET is deasserted, 
initialization 
begins. When the z-x 


H(Z) 
clock mode is selected, RESET must remain asserted 
for 32 CLKIN cycles before 
R(Z) 
being deasserted 
to guarantee 
correct 
processor 
initialization. 
When the t-x clock 
mode is selected, RESET must remain asserted 
for 10,000 CLKIN cycles before 
being deasserted 
to guarantee 
correct 
processor 
initialization. 
The CLKMODE 
pin 
selects 
t-x or 2-x input clock division 
of the CLKIN pin. 


The Hold Acknowledge 
bus state functions 
while the chip is reset. If the bus is in the 
Hold Acknowledge 
state when RESET is asserted, 
the- processor 
internally 
resets, 
but maintains 
the Hold Acknowledge 
state on external 
pins until the Hold request 
is 
removed. 
If a Hold request is made while the processor 
is in the reset state, the 
processor 
bus grants HOLDA and enters the Hold Acknowledge 
state. 


F1J[ 
0 
FAIL indicates 
failure of the self-test 
performed 
at initialization. 
When RESET is 
S 
deasserted 
and initialization 
begins, the J=AJ[ pin is asserted. 
An internal 
self-test 
is 
H(Q) 
performed 
as part of the initialization 
process. 
If this self-test 
passes, 
the J=AJ[ pin is 
R(O) 
deasserted; 
otherwise 
it remains asserted, 
The J=AJ[ pin is reasserted 
while the 
processor 
performs 
an external 
bus self-confidence 
test. If this self-test 
passes, 
the 
processor 
deasserts 
the J=AJ[ pin and branches 
to the user's initialization 
routine; 


otherwise 
the J=AJ[ pin remains asserted. 
Internal self-test 
and the use of the J=AJ[ pin 


can be disabled 
with the STEST pin. 


STEST 
I 
SELF TEST enables 
or disables 
the internal 
self-test 
feature 
at initialization. 
STEST 
S(L) 
is read on the rising edge of R"ESEi. When asserted, 
Internal self-test 
and external 
H(Z) 
bus confidence 
tests are performed 
during processor 
initialization. 
When deasserted, 


R(Z) 
only the bus confidence 
tests are performed 
during 
initialization. 


~ 
I 
ON CIRCUIT 
EMULATION, 
when asserted, 
causes all outputs to be floated. 0Ncr 
is 


A(L) 
continuously 
sampled 
while RESET is low and is latched on the rising edge of 
H(Z) 
R"ESEi. To place the processor 
in the ONCE state: 


R(Z) 
(1) 
assert RESET and 0Ncr 
(order does not matter) 


(2) 
wait for at least 16 CLKIN periods 
in 2-x mode-s-or 
10,000 CLKIN 
periods 
in t-x mode-after 
Vcc and CLKIN are within operating 
specifications 


(3) 
deassert RESET 


(4) 
wait at least 32 CLKIN periods 


(The processor 
will now be latched 
in the ONCE state while RESET is high.) 


To exit the ONCE state, bring Vcc and CLKIN to operating 
conditions, 
then assert 
RESET and bring 0Ncr 
high prior to deasserting 
Rl:SET. 


CLKIN must operate 
within the specified 
operating 
conditions 
until Step 4 completes. 


CLKIN may then be changed 
to DC to achieve 
the lowest possible 
ONCE mode 
leakage 
current. 


oocr 
can be used by emulator 
products 
or board testers to effectively 
make an 


installed 
processor 
transparent 
in the board. 
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R(Z) 
PCLK2:1 
and the processor's 
Internal clock. CLKMODE 
should 
be tied high or low In 
a system 
as the clock mode Is not latched by the processor. 
If left unconnected, 
the 


processor 
Internally 
pulls the CLKMODE 
pin low, enabling 
the z-x clock mode. 


PCLK2:1 
0 
PROCESSOR 
OUTPUT 
CLOCKS 
provide a timing reference 
for all Inputs and 
S 
outputs. 
All Input and output timings 
are specified 
In relation 
to PCLK2 and PCLK1. 


H(Q) 
PCLK2 and PCLK1 are Identical 
signals. Two output pins are provided 
to allow flexi- 


R(Q) 
blllty In the system's 
allocation 
of capacitive 
loading on the clock. 
PCLK2:1 
may also 
be connected 
at the processor 
to form a single clock signal. 


Vss 
- 
GROUND 
connections 
must be connected 
externally 
to a Vss board plane. 


Vcc 
- 
POWER 
connections 
must be connected 
externally 
to a Vcc board plane. 


VCCPLL 
- 
VCCPLL Is a separate 
Vcc supply pin for the phase lock loop used In t-x clock mode. 


Connecting 
a simple 
lowpass 
filter to VCCPLL may help reduce clock jltter (Tcp) In 


noisy environments. 
Otherwise, 
VCCPLL should be connected 
to Vcc. 


NC 
- 
NO CONNECT 
pins must not be connected 
In a system. 


I 
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Table 4. 80960CF 
Pin Description 
- 
DMA and Interrupt 
Unit Control 
Signals 


Name 
Type 
Description 


DREa3:0 
I 
DMA REQUEST 
is used to request 
a DMA transfer. 
Each of the four signals 
A(L) 
requests 
a transfer 
on a single channel. 
UR"E"OOrequests 
channel 
0, lJREOT 
H(Z) 
requests 
channel 
1, etc. When two or more channels 
are requested 
simultaneously, 
R(Z) 
the channel 
with the highest 
priority 
is serviced 
first. Channel 
priority 
mode is 
programmable. 


DACK3:0 
0 
DMA ACKNOWLEDGE 
indicates 
that a DMA transfer 
is being executed. 
Each of 
S 
the four signals acknowledges 
a transfer 
for a single channel. 
lJACRO acknowl- 
H(1) 
edges channel 
0, UACKT 
acknowledges 
channel 
1, etc. OACK3:0 
are asserted 
R(1) 
when the requesting 
device of a DMA is accessed. 


EOPITC3:O 
110 
END OF PROCESSfTERMINAL 
COUNT 
can be programmed 
as either an input 
A(L) 
(EOP3:0) 
or output (i'C3:0), 
but not both. Each pin is individually 
programmable. 
H(Z/Q) 
When programmed 
as an input. mPX 
causes termination 
of a current 
DMA transfer 
R(Z) 
for the channel 
that corresponds 
to the mPX 
pin:'-'EOPO corresponds 
to channel 
0, 


\ 
EOPT corresponds 
to channel 
1, etc. When a channel 
is configured 
for source and 
destination 
chaining, 
the EOP pin for that channel 
causes 
termination 
of only the 
current 
buffer transferred 
and causes 
the next buffer to be transferred. 
EOP3:O are 
asynchronous 
inputs. 


When programmed 
as an output, the channel's 
TCX pin indicates 
that the channel 
byte count has reached 
0 and a DMA has terminated. 
TCX is driven with the same 
timing as 0ACl<x 
during the last DMA transfer 
for a buffer. If the last bus request 
is 
executed 
as multiple 
bus accesses, 
TCX stays asserted 
for the entire bus request. 


XlR'r'1:O 
I 
EXTERNAL 
INTERRUPT 
PINS cause interrupts 
to be requested. 
These 
pins can 
A(E/L) 
be configured 
in three modes: 
H(Z) 
Dedicated 
Mode: 
each pin is a dedicated 
external 
interrupt 
source. 
Dedicated 
R(Z) 
inputs can be individually 
programmed 
to be level (Iow) or edge (falling) 
activated. 


Expanded 
Mode: 
the eight pins act together 
as an a-bit vectored 
interrupt 
source. 


The interrupt 
pins in this mode are level activated. 
Since the interrupt 
pins are active 
low, the vector 
number 
requested 
is the 1's complement 
of the positive 
logic value 
place on the port. This eliminates 
glue logic to interface 
to combinational 
priority 
encoders 
which output negative 
logic. 


Mixed Mode: 
XJliiIT7:5 are dedicated 
sources 
and XINT4:O act as the five most 
significant 
bits of an expanded 
mode vector. The least significant 
bits are set to 010 
internally. 


RMl 
I 
NON-MASKABLE 
INTERRUPT 
causes 
a non-maskable 
interrupt 
event to occur. 
A(E) 
f\J1iifI is the highest 
priority 
interrupt 
recognized. 
f\J1iifI is an edge (falling) 
activated 
H(Z) 
source. 
R(Z) 
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3.3 
80960CF Mechanical Data 
80960CF PGA plnout as viewed from the pin-side of 
the package (I.e., pins facing up). 


Table 5 lists the 80960CF pin names and package 
location In signal order; Table 6 lists the pin names 
and package location In pin order. See Section 4.0, 
ELECTRICAL SPECIFICATIONS for specifications 
and recommended connections. 


3.3.1 
80960CF PGA PINOUT 


Figure 2 depicts the complete 80960CF PGA plnout 
as viewed from the top side of the,component (I.e., 
pins facing down). Figure 3 shows the complete 
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B 
A 
0 
0 0 
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0 0 
0 0 
0 0 0 0 
0 
025 
024 
021 
019 
017 
018 
015 
013 
012 
011 
O~ 
08 
07 
05 
03 
l!lm' 
NC 
0 
0 0 
0 0 0 0 0 
0 0 
0 0 
0 0 0 0 
0 
029 
027 
023 
020 
018 
vcc 
014 
vcc 
vcc 
010 
vcc 
D6 
04 
02 
01 
STEST 
~ 
0 
0 0 
0 0 0 0 0 
0 0 
0 ·0 0 0 0 0 
0 
I!EXll"/' 
031 
026 
022 
vcc 
v •• 
Vs. 
Vs. 
v •• 
vs. 
vs. 
vcc 
DO 
NC 
CNC'E 
NC 
NC 
0 0 
0 
0 0 
0 
HOLOABTE'RIII 
026 
NC 
NC 
NC 
0 
0 0 
0 0 
0 
I!E:I 
HOLD 
030 
NC 
llREllO 
NC 


0 
0 0 
0 0 
0 
!!El! 
~ 
vcc 
vcc 
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0 
0 
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!!El 
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CllEa3 
0 2 52 
0 0 
0 
BO;ST 
Vss 
~~ 
0 
0 52 
0 0 
0 
DaiI 
BED 
vs. 
vcc 
C1J:K2 


10 
0 
0 0 
0 0 
0 
10 
WIR 
vcc 
v •• 
Vu 
vccPu ~ 


11 
0 0 
0 
52 0 
0 
11 


OTIR 
vcc 
Vss 
vcc 
ElWITCll 


12 
0 
0 0 
0 0 
0 
12 
WJJT 
ow; 
SUI' 
vss 
vcc 
ElWmIT 


13 
0 0 
0 
0 0 
0 
13 
OIC 
BREa 
A30 
CLKIN PCLK2ElW~ 


14 
0 
0 0 
0 0 
0 
14 
rol:K 
A29 
"'28 
CLKMOOE PCLK1 ElWITC3 


15 
0 
0 0 
0 0 0 0 0 
0 
0 0 
0 0 0 0 0 
0 
15 
1131 
A28 
A24 
1120 
vcc 
v •• 
vs. 
vs. 
v •• 
v •• 
v •• 
v.s 
vcc 
lm1 
lONn 
XINTO 
lrnm' 


16 
0 
0 0 
0 0 0 0 0 
0 0 
0 0 
0 0 ~~~ 
16 
A27 
A23 
A21 
A19 
A16 
vcc 
A13 
Vcc 
vcc 
Vcc 
A7 
vcc 
A4 
A2 


17 
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0 0 0 
0 0'0 
0 0 
0 
0 0 0 0 0 0 
0 
17 
A25 
A22 
A18 
A17 
A15 
"'14 
A12 
A11 
A10 
A9 
AS 
AS 
A5 
113 Jmm JmrrS 
XIlm! 
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Figure 2. 80960CF PGA Plnout-Vlew 
from Top (Pins Facing Down) 
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~ 
STEST 
01 
02 
D4 
D6 
Vcc 
010 
VCC 
Vcc 
014 
Vcc 
018 
020 
023 
027 
029 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
NC 
NC 
ONCE 
NC 
DO 
Vcc 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
VCC 
022 
026 
031 
RE7UlY 
0 
0 
0 
0 
0 
0 
NC 
NC 
NC 
028 
llTtR!.l HOLDA 
0 
0 
0 
0 
0 
0 
NC 
l5IlEO(j 
NC 
030 
HOLD 
I!E3 
0 
0 
0 
0 
0 
0 
DRmf 
0RECl! 
Vcc 
VCC = 
I!E2 
0 
0 
0 
0 
0 
0 
= 
VCC 
VSS 
VSS 
VCC 
IJE1 
0 
0 
0 
0 
0 
0 
~~ 
Vss 
Metal Lid 
Vss 
Vcc 
BO;ST 
0 
0 
0 
0 
0 
0 
~ 
Vcc 
Vss 
Vss 
BEl! = 
10 
0 
0 
0 
0 
0 
0 
10 


~ 
VCCPLL 
Vss 
vee 
vcc 
W/R 


11 
0 
0 
0 
0 
0 
0 
11 


mPO 
() 
() 
() () 
OTIR 


12 
0 
12 
mPlTCl 
Vcc 
Vss 
SUP 
om 
wm 


13 
0 
0 
0 
0 
0 
0 
13 
mPm:l! 
PClK2 
ClKIN 
A30 
BREQ 
OIl: 


14 
0 
0 
0 
0 
0 
0 
14 
mPlTC3 
PClK1 
ClK MODE 
A28 
A29 = 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
X1RTl 
xn<ml 
~ 
ml1 
Vcc 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
vse 
vcc 
A20 
A24 
A26 
A31 


16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
RESET 
lm'rn 
lO1'm! 
A2 
A4 
Vcc 
A7 
Vcc 
Vcc 
Vcc 
A13 
Vcc 
A16 
A19 
A21 
A23 
A27 


17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
XlRT2 
X1RTS JmiIT7 
A3 
AS 
A6 
AB 
A9 
A10 
A11 
A12 
A14 
A15 
A17 
A18 
A22 
A2 
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B 
C 
0 
E 
G 
H 
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M 
N 
P 
Q 
R 
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Figure 3. 80960CF 
PGA Plnout - 
View from Bottom 
(Pins Facing 
Up) 
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Table 5. 80960CF PGA Plnout - 
In Signal Order 


Address Bus 
Data Bus 
Bus Control 
Processor Control 
1/0 


Signal 
Pin 
Signal 
Pin 
Slanal 
Pin 
Slanal 
Pin 
SIanal 
Pin 


A31 
815 
031 
R3 
~ 
85 
RESET 
A16 
~ 
A7 


A30 
013 
030 
05 
~ 
86 
~ 
B6 
I 


A29 
R14 
029 
82 
BET 
87 
'FA![ 
A2 
trI1ml 
A6 
1 


A28 
014 
028 
04 
B"EO 
R9 
rnm:m 
B5 
i 


A27 
816 
027 
R2 
8TE8T 
B2 


A26 
R15 
026 
03 
wlR 
810 
~ 
A10 


A25 
817 
025 
81 
ONCE 
C3 
~ 
A9 


A24 
015 
024 
R1 
ADS 
R6 
0ACKf 
A8 
T 


A23 
R16 
023 
02 
CLKIN 
C13 
~ 
B8 
! 


A22 
R17 
022 
P3 
R"E'AO'? 
83 
CLKMOOE 
C14 


A21 
016 
021 
01 
"ST'ER'fJ 
R4 
PLCK1 
B14 
'EO'P~ 
A14 


A20 
P15 
020 
P2 
PLCK2 
B13 
'EO'P~ 
A13 


A19 
P16 
019 
P1 
WAIT 
812 
'EO'P/TCl 
A12 


A18 
017 
018 
N2 
BI:AST 
88 
Vss 
'EO'Pt'TOO 
A11 


A17 
P17 
017 
N1 
Location 


A16 
N16 
016 
M1 
OTIR 
811 
C7, C8, C9, C10, C11, 
X1l'JT7 
C17 


A15 
N17 
015 
L1 
UE'f\J 
89 
C12, F15, 03, 015, 
XIl'm 
C16 
H3, H15, J3, J15, K3, 
XTfiJT5 
A14 
M17 
014 
L2 
K15, L3, L15, M3, M15, 
B17 


A13 
L16 
013 
K1 
LOCK 
814 
07,08,09,010,011 
X11iIT4 
C15 


A12 
L17 
012 
J1 
XTf'm 
B16 


A11 
K17 
011 
H1 
Vcc 
~ 
A17 


A10 
J17 
010 
H2 
HOLD 
R5 
Location 
XINTi 
A15 


A9 
H17 
09 
01 
HOLOA 
84 
B7, B9, B11, B12, C6, 
XfIimj 
B15 


A8 
017 
08 
F1 
BREO 
R13 
E15, F3, F16, 02, H16, 
J2, J16, K2, K16, M2, 


A7 
016 
07 
E1 
M16, N3, N15, 06, R7, 
f\J'fVff 
015 


A6 
F17 
06 
F2 
o/C 
813 
R8, R10, R11 


A5 
E17 
05 
01 
'Om 
R12 


A4 
E16 
04 
E2 
SUP 
012 
VCCPLL 
B10 


A3 
017 
03 
C1 
No Connect 


A2 
016 
02 
02 
BUFF 
B1 
Location 


01 
C2 
A1, A3, A4, A5, B3, B4, 


DO 
E3 
C4,C5,03 
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Table 6. 80960CF 
PGA Pinout - 
In Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
J 


A1 
NC 
C1 
03 
F17 
A6 
M15 
Vss 
R3 
031 


" 


A2 
FA![ 
C2 
01 
G1 
09 
M16 
Vcc 
R4 
BTERlVl 


A3 
NC 
C3 
<:mCE 
G2 
Vcc 
M17 
A14 
R5 
HOLO 


A4 
NC 
C4 
NC 
G3 
Vss 
N1 
017 
R6 
AITS 


A5 
NC 
C5 
NC 
G15 
Vss 
N2 
018 
R7 
Vcc 


A6 
rrnEQ1 
C6 
Vcc 
G1'6 
A7 
N3 
Vcc 
R8 
Vcc 


A7 
rmE03 
C7 
Vss 
G17 
A8 
N15 
Vcc 
R9 
BE1 


A8 
OACK1 
C8 
Vss 
H1 
011 
N16 
A16 
R10 
Vcc 


A9 
DACR2 
C9 
Vss 
H2 
010 
N17 
A15 
R11 
Vcc 
A10 
DACK3 
C10 
Vss 
H3 
Vss 
P1 
019 
R12 
ITfiifA 


A11 
rnPlTCO 
C11 
Vss 
H15 
Vss 
P2 
020 
R13 
BREO 


A12 
EOprrC1 
C12 
V~s 
H16 
Vcc 
P3 
022 
R14 
A29 


A13 
EOPfTC2 
C13 
CLKiN 
H17 
A9 
P15 
A20 
R15 
A26 


A14 
EOprrC3 
C14 
'CLKMOOE 
J1 
012 
P16 
A19 
R16 
A23 


A15 
)(']'fITf 
. 
C15 
XTm4 
J2 
Vcc 
P17 
A17 
R17 
A22 


A16 
'FIE"Sn 
C16 
XTfilT6 
J3 
Vss 
01 
021 
81 
025 . 


A17 
Xfl\JT2 
C17 
~ 
J15 
Vss 
02 
023 
82 
029 


B1 
B"OFF ' 
01 
05 
J16 
Vcc 
03 
026 
83 
J=iEAD'? 


B2 
8TE8T 
02 
02 
J17 
A10 
04 
028 
84 
HOLOA 


B3 
NC 
03 
NC 
K1 
013 
05 
030 
85 
BE3 


B4 
NC 
015 
f'JlVIl 
K2 
Vcc 
06 
Vcc 
86 
SE2 


B5 
J:JRRm 
016 
A2 
K3 
Vss ' 
07 
Vss 
87 
~ 


B6 
lJR"E'02 
017 
A3 
K15 
Vss 
08 
Vss 
88 
BCAST 


B7 
Vcc 
E1 
07 
K16 
Vcc 
09 
Vss 
89 
lJElIJ 


B8 
DACKO 
E2 
04 
K17 
A11 
010 
Vss 
810 
WIt{ 


B9 
Vcc 
E3 
00 
L1 
015 
011 
Vss 
811 
OTIR 


B10 
VCCPLL 
E15 
Vcc 
L2 
014 
Q12 
SOP 
812 
WATT 


B11 
Vcc 
E16 
A4 
L3 
Vss 
013 
A30 
813 
o/c 


B12 
Vcc 
E17 
A5 
L15 
Vss 
014 
A28 
814 
'[()"CR 


B13 
PCLK2 
F1 
08 
L16 
A13 
015 
A24 
815 
A31 


B14 
PCLK1 
F2 
06 
L17 
A12 
016 
A21 
816 
A27 


B15 
XlNTO 
F3 
Vcc 
M1 
016 
017 
A18 
817 
A25 


B16 
XTI'JT3 
F15 
Vss 
M2 
Vcc 
R1 
024 


B17 
XiNT5 
F16 
Vcc 
M3 
Vss 
R2 
027 
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Table 7. 80960CF PQFP Pinout 
-In 
Signal 
Order (80960CF-33, 
-25, -16 Only) 


Address 
Bus 
Data Bus 
Bus Control 
Processor 
Control 
VO 


Sianal 
Pin 
Sianal 
Pin 
Sianal 
Pin 
Sianal 
Pin 
Sianal 
Pin 


A31 
153 
031 
186 
BE3 
176 
'R6"ET 
91 
lJRE03 
60 


A30 
152 
030 
187 
BE2 
175 
fAT[ 
45 
0"RE02 
59 


A29 
151 
029 
188 
B"n 
172 
STEST 
46 
DREID 
58 


A28 
145 
028 
189 
BE) 
170 
oocr 
43 
TJREOO 
57 


A27 
144 
027 
191 
CLKIN 
87 


A26 
143 
026 
192 
w/R 
164 
CLKMOOE 
85 
DACK3 
65 


A25 
142 
025 
194 
PCLK2 
74 
0ACK2 
64 
I 


A24 
141 
024 
195 
AUS 
178 
PCLK1 
78 
DACKT 
63 
i 


A23 
139 
023 
3 
VSS 
OACKO 
62 
-, 


A22 
138 
022 
4 
~ 
182 
Location 
l 


A21 
137 
021 
5 
BT'E"RM 
184 
2,7, 
16,24,30,38, 
EOPfTC3 
69 
I 


A20 
136 
020 
6 
39, 49, 56, 70, 75, 
EOPfTC2 
68 
I 


77, 81, 83, 88, 89, 
A19 
134 
019 
8 
WAIT 
162 
92,98,105,109, 
EOPfTC1 
67 


A18 
133 
018 
9 
BCAST 
169 
110,121,125,131, 
EOPfTCO 
66 
\ 


A17 
132 
017 
135,147,150,161, 
10 
165, 173, 174, 185, 


A16 
130 
016 
11 
OT/R 
163 
196 
XINT7 
107 


A15 
129 
015 
13 
r>Ef\J 
167 
VCC 
mT6 
106 


A14 
128 
014 
14 
Location 
XlNT5 
102 


A13 
124 
013 
15 
~ 
156 
1,12,20,28,32,37, 
X1NT4 
101 
I 


A12 
123 
012 
17 
44, 50, 61, 71, 79, 
XINT3 
100 
i 
82,96,99,103,115, 
A11 
122 
011 
18 
HaLO 
181 
127,140,148:154, 
XINT2 
95 


A10 
120 
010 
19 
HOLOA 
179 
168, 171, 180, 190 
XlNT1 
94 


A9 
119 
09 
21 
BREQ 
155 
XlNTO 
93 


A8 
118 
08 
22 
VCCPLL 
72 


A7 
117 
07 
23 
o/C 
159 
No Connect 
f\jfJf 
108 
'T 


A6 
116 
06 
25 
~ 
160 
Location 
:1 


A5 
114 
05 
26 
SD'P 
158 
29,31,41,42,47, 
I 


A4 
113 
04 
27 
48, 51, 52, 53, 54, 


,I 


B<JF1! 
55, 73, 76, 80, 84, 


! 
A3 
112 
03 
33 
40 
, 
86,90,97,104,126, 


A2 
111 
02 
34 
146,149,157,166, 


01 
35 
177,183,193 


I 


00 
-36 
I 
I 


J PRELIMINARY 
1-365 


80960CF-40, 
-33, -25, -16 
intel· 


Table 8. 80960CF PQFP 
Plnout-In 
Pin Order (80960CF-33,-25,-16 Only) 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


1 
Vcc 
34 
02 
67 
EJPiTCT 
100 
XINT3 
133 
A18 
166 
NC 


2 
Vss 
35 
01 
68 
EJPiTC2 
101 
XINT4 
134 
A19 
167 
lJEN 
r 


3 
023 
36 
00 
69 
EJPiTC3 
102 
XINT5 
135 
Vss 
168 
Vcc 


4 
022 
37 
Vcc 
70 
Vss 
103 
Vcc 
136 
A20 
169 
B[AST 


5 
021 
38 
Vss 
71 
Vcc 
104 
NC 
137 
A21 
170 
SEC 


6 
020 
39 
Vss 
72 
VCCPLL 
105 
Vss 
138 
A22 
171 
Vcc 
'1 


7 
Vss 
40 
BUJ!'F" 
73 
NC 
lM 
XlNT6 
139 
A23 
172 
BET 


11. 


8 
019 
41 
NC 
74 
PCLK2 
107 
XJNT7 
140 
Vcc 
173 
Vss 


9 
018 
42 
NC 
75 
Vss 
108 
NMr 
141 
A24 
174 
Vss 
10 
017 
43 
0'f\TC"E 
76 
NC 
109 
Vss 
142 
A25 
175 
SE2 


11 
016 
44 
Vcc 
77 
Vss 
110 
Vss 
143 
A26 
176 
BE3 


12 
Vcc 
45 
"H\I[ 
78 
PCLKl 
111 
A2 
144 
A27 
177 
NC 


13 
015 
46 
STEST 
79 
Vcc 
112 
A3 
145 
A28 
178 
ADS 


14 
014 
47 
NC 
80 
NC 
113 
A4 
146 
NC 
179 
HOLOA 


15 
013 
48 
NC 
81 
Vss 
114 
A5 
147 
Vss 
180 
Vcc 
16 
Vss 
49 
Vss 
82 
Vcc 
115 
Vcc 
148 
Vcc 
181 
HOLO 


17 
012 
50 
Vcc 
83 
Vss 
116 
A6 
149 
NC 
182 
READY' 


18 
011 
51 
NC 


1 
84 
NC 
117 
A7 
150 
Vss 
183 
NC 


19 
010 
52 
NC 
85 
CLKMOOE 
118 
A8 
151 
A29 
184 
~ 


20 
Vcc 
53 
NC 
86 
NC 
119 
A9 
152 
A30 
185 
Vss 
. 


21 
09 
54 
NC 
87 
CLKIN 
120 
Al0 
153 
A31 
186 
031 


22 
08 
55 
NC 
88 
Vss 
121 
Vss 
154 
Vcc 
187 
030 


23 
07 
56 
Vss 
89 
Vss 
122 
All 
155 
BREQ 
188 
029 


24 
Vss 
57 
rrnrno 
90 
NC 
123 
A12 
156 
IDCK 
189 
028 


25 
06 
58 
1JRE"QT 
91 
~ 
124 
A13 
157 
NC 
190 
Vcc 
26 
05 
59 
tmro2 
92 
Vss 
125 
Vss 
158 
SUP 
191 
027 


27 
04 
60 
DRE03 
93 
XlNTO 
126 
NC 
159 
D/(; 
192 
026 
i 


28 
Vcc 
61 
Vcc 
94 
XTNTT 
127 
vcc 
160 
OMA 
193 
NC 
I 


29 
NC 
62 
~ 
95 
XTm2 
128 
A14 
161 
Vss 
194 
025 


30 
Vss 
63 
DACR1 
96 
Vcc 
129 
A15 
162 
WAIT 
195 
024 


31 
NC 
64 
OACK2 
97 
NC 
130 
A16 
163 
DT/R 
196 
Vss 
32 
Vcc 
65 
UACR3 
98 
Vss 
131 
Vss 
164 
wiR 


33 
03 
66 
EJP~ 
99 
Vcc 
132 
A17 
165 
Vss 
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98 
50 


99 


147 


148 


49 


Pin 1 


196 


Figure 
4. 
80960CF 
PQFP Pinout-Top 
View (80960CF-33, 
-25, -16 Only) 


3.4 
Package Thermal Specifications 


The 
80960CF 
is specified 
for 
operation 
when 
Tc 
(case temperature) 
is within the range of 0°C-100°C 
. 


for 33, 25, and 
16 MHz and 0°C-85°C 
for 40 MHz. 
Tc may be measured 
in any environment 
to deter- 
mine whether 
the 80960CF 
is within 
specified 
oper- 
ating range. Case temperature 
should 
be measured 
at the center 
of. the top surface, 
opposite 
the pins. 


Refer to Figure 5. 


TA (ambient 
temperature) 
is 
calculated 
from 
SCA 
(thermal 
resistance 
from case to ambient) 
using the 
equation: 


J PRELIMINARY 


Table 9 shows 
the maximum 
TA allowable 
(without 


exceeding 
Tcl 
at 
various 
airflows 
and 
operating 
frequencies 
(fpCLK)' 


Note that TA is greatly 
improved 
by attaching 
fins or 


a 
heatsink 
to 
the 
package. 
P 
(maximum 
power 


consumption) 
is calculated 
by using 
the typical 
Icc 


as tabulated 
in Section 
4.4, DC Specifications 
and 


Vcc of 5 V. 
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168- PinPGA 
'"-Pin 
1 


Figure 
5. 
Measuring 
80960CF 
PGA and PQFP Case Temperature 


Table 9. Maximum 
TA at Various 
Airflows 
in °c (PGA 
Package 
Only) 


Airflow-ftlmin 
(m/sec) 


fpCLK 
0 
200 
400 
600 
800 
1000 
(MHz) 
(0) 
(1.01) 
(2.03) . 
(3.04) 
(4.06) 
(5.07) 


TA with Heatsink* 
40 
20 
40 
58 
60 
66 
68 


33 
38 
57 
74 
76 
81 
84 


25 
50 
65 
79 
81 
85 
87 


16 
63 
74 
84 
86 
89 
90 


TA without 
Heatsink* 
40 
0 
15 
30 
40 
50 
52 


33 
18 
33 
47 
57 
66 
67 


25 
34 
46 
57 
65 
72 
74 


16 
51 
60 
68 
74 
80 
81 


NOTES: 
*0.285" high unidirectional 
heatsink 
(AI alloy 6061, 50 mil fin width, 150 rnil center-to-center 
fin spacing). 
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Table 10. 
80960CF 
PGA Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·ClWatt 


Airflow 
- 
ft./min 
(m/sec) 


I 


Parameter 
0 
200 
400 
600 
800 
1000 


(0) 
(1.01) 
(2.03) 
(3.07) 
(4.06) 
(5.07) 
a Junction-to-Case 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
aJA 
(Case measured 
as 
taJC 
shown 
in Figure 5) 
,.""., 


a Case-to-Ambient 
17 
14 
11 
9 
7.1 
6.6 
I 
I 
(No Heatsink) 
UUU 
UUU 
a Case-to-Ambient 
13 
9 
5.5 
5 
3.9 
3.4 
(With Heatsink)* 


NOTES: 


1. This table applies to 80960CF 
PGA plugged 
into socket 
or soldered 
directly 
to board. 


2. 
9JA = 9JC + 9CA 


'0.285" 
high unidirectional 
heatsink 
(AI alloy 6061, 
50 mil fin width, 
150 mil center-to-center 
fin spacing). 


Table 11. 80960CF 
PQFP Package 
Thermal 
Characteristics 


Thermal 
Resistance 
- 
·ClWatt 


Airflow 
- 
ft.lmln 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 


(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


9 Junction-to-Case 
(Case Measured 
5 
5 
5 
5 
5 
5 
5 
as shown in Figure 5) 


9 Case-to-Ambient 
(No Heatsink) 
19 
18 
17 
15 
12 
10 
9 


NOTES: 


1. This table applies to 80960CF 
PQFP soldered 
directly 
to board. 


2. 
9JA = 9JC + 9CA 


r-aJC 
J[iiiiiIIll 
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3.5 
Stepping Register Information 


Upon reset, register gO contains die stepping Infor- 
mation (Figure 6). The most significant byte contains 
ASCII 0; the upper middle byte contains an ASCII C; 
the lower middle byte contains an ASCII F.The least 
significant byte contains the stepping number in 


intel· 


ASCII. gO retains this information until It Is over- 
written by the user program. Table 12 contains a 
cross reference of the number in the least significant 
byte of register gOto the die stepping number. 


_ 
ASCII 


DeCIMAL 


Stepping 
Number 


Stepping 
Number 


Figure 6. Register gO 


Table 12. Die Stepping Cross Reference 


gO Least Significant 
Byte 
Die Stepping 


01 
A 


02 
B 


03 
C 


04 
D 


I 


05 
E 


3.6 
Sources for Accessories 


The following Is a list of suggested sources for 
80960CF accessories. This Is neither an endorse- 
ment nor a warranty of the performance of any of the 
listed products and/or companies. 


Sockets 
1. 3M Textool Test and Interconnection Products 
6801 River Place Blvd. Mallstop 130-3N-29 
Austin, TX 78726-9000 
(800) 328-0411 
2. Augat, Inc. Interconnection Products Group 
452 John Dietsch Blvd. 
Attleboro Falls, MA 02763 
(508) 699-7646 
3. Concept Mfg., Inc. (Decoupling Sockets) 
400 Walnut S1.Suite 609 
Redwood City, CA 94063 
(415) 365-1162 FAX: (415)265-1164 
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Heatslnks/Flns 
1. Thermalloy, Inc. 
2021 West Valley View Lane 
Dallas, TX 75234 
(214) 243-4321 
FAX: (214) 241-4656 
2. Wakefield Engineering 
60 Audubon Road 
Wakefield, MA 61880 
(617) 245-5900 
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4.0 
ELECTRICAL SPECIFICATIONS 


4.1 
Absolute Maximum Ratings 


Parameter 
Maximum 
Rating 


Storage 
Temperature 
-65°C 
to + 150°C 


Case Temperature 
Under Bias 
-65°C 
to +110o~ 


Supply 
Voltage 
wrt. Vss 
-<l.5 V to + 6.5 V 


Voltage 
on Other 
Pins wrt. Vss 
: 
-<l.5 V to Vcc 
+ 0.5 V 


4.2 
Operating Conditions 


80960CF-40, 
-33,-25, 
-16 


NOTICE: 
This document 
contains 
preliminary 
infor- 
mation on new products 
in production.The 
specifi- 


cations are subject 
to change 
without 
notice. Verify 


with your locallntel 
sales office that you have the 


latest datasheet 
before finalizing 
a design. 


·WARNING: 
Stressing 
the device 
beyond 
the 


"Absolute Maximum Ratings' may cause perma- 
nent damage. These are stress ratings only. Opera- 
tion beyond 
the 
"Operating Conditions' 
is not 


recommended and extended exposure beyond the 
"Operating Conditions' may affect device reliability. 


Table 13. 
Operating 
Conditions 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vcc 
Supply Voltage 


80960CF-40 
4.75 
5.25 
V 
80960CF-33 
4.50 
5.50 
80960CF-25 
4.50 
5.50 
, 


80960CF-16 
4.50 
5.50 


fCU<2x 
Input Clock Frequency 
(2-x Mode) 
~ 


80960CF-40 
0 
80 
MHz 
, 


80960CF-33 
0 
66 
80960CF-25 
0 
50 
80960CF-16 
0 
32 


fCLK1x 
Input Clock Frequency 
(t-x 
Mode) 
(1) 


80960CF-40 
8 
40 
MHz 
80960CF-33 
8 
33 
80960CF-25 
8 
25 
80960CF-16 
8 
16 


Tc 
Case Temp Under Bias 


PGA Pkg. (80960CF-40) 
0 
85 
QC 


PGA Pkg. (80960CF-33, 
-25, -16 Only) 
0 
100 
196-Pin 
PQFP (80960CF-33, 
-25, -16 Only) 
0 
100 


NOTES: 


1. When in the t-x input clock mode, CLKIN is an input to an internal phase-locked 
loop and must maintain 
a 
minimum 
frequency 
of 8 MHz for proper processor 
operation. 
However, 
in the t-x mode, CLKIN may still 
be stopped 
when the processor 
is in a reset condition. 
If CLKIN is stopped, 
the specified RESET 
low time 
must be provided 
once CLKIN restarts 
and has stabilized. 
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Liberal decoupllng capacitance should be placed 
near the 80960CF. The processor can cause tran- 
sient power surges when Its numerous output buffers 
transition, 
particularly 
when 
connected 
to 
large 
capacitive loads. 


putt-up 
resistor. Pull-up resistors should be in the In 
the range of 20 Kn for each pin tied high. If'R'EAOY 
or HOLD are not used, the unused Input should be 
connected 
to 
ground. 
N.C. 
pins 
must 
always 
remain 
unconnected. 
For additional information 


refer to the i96rP ex Microprocessor 
User's Manual 
(270710). 
Low Inductance capacitors and Interconnects are 
recommended for best high frequency electrical 


4.4 
DCSpecifications 


Table 14. DC Characteristics 
(Sheet 1 of 2) 
(80960CF-40, 33, -25, -16 under the conditions described In Section 4.2, Operating Conditions.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


V1l 
Input Low Voltage for all pins except RESET 
-0.3 
+O.~ 
V 


V1H 
Input High Voltage for all pins except RESET 
2.0 
Vcc + 0.3 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 5 mA 


VOH 
Output High Voltage 
IOH=-1 mA 
2.4 
V 
IOH= - 200 ~A 
Vcc -0.5 
V 


V1lR 
Input Low Voltage for RESET 
-0.3 
1.5 
V 


V1HR 
Input High Voltage for RESET 
3.5 
Vcc + 0.3 
V 


NOTES: 


1. 
No pullup 
or pulldown. 


2. 
These 
pins have internal 
pullup 
resistors. 


3. 
These 
pins have internal 
pulldown 
resistors. 


4. 
Measured 
at worst case frequency. 
Vcc 
and temperature, 
with device operating 
and outputs 
loaded to the test conditions 


described 
in Section 
4.5.1, AC TEST 
CONDITIONS. 


5. 
lee Typical 
is not tested. 


6. 
Output 
Capacitance 
is the capacitive 
load of a floating 
output. 


7. 
CLKMODE 
pin has a pulldown 
resistor 
only when ONCE 
pin is deasserted. 
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Table 14. DC Characteristics 
(Sheet 2 of 2) 


(80960CF-40, 
33, -25, -16 under the conditions 
described 
in Section 4.2, Operating Conditions.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


IU1 
Input Leakage 
Current for each pin except 
BTERM, OI'Jcr, 
DREQ3:0, 
STEST, 
EOJ53:O!TC3:0,mAT, XINT7:O, ~, 
READY, 
HOLD, CLKMODE 
±15 
).lA 
05VIN5Vee 
(1) 


IU2 
Input Leakage 
Current for: 
BTERM, OI'Jcr, 
DREQ3:0, 
STEST, 
EOJ53:O!TC3:0,mAT, XINT7:O, BOR'! 
0 
-300 
).lA 
VIN = 0.45 V (2) 


IU3 
Input Leakage 
Current for: 
READY, HOLD, CLKMODE 
0 
500 
).lA 
VIN = 2.4 V (3,7) 


ILO 
Output 
Leakage current 
±15 
).lA 
0.455 
VOUT5 
Vcc 


lee 
Supply Current 
(80960CF-40, 
33): 


Icc Max 
. 
1150 
mA 
(4) 
IccTyp 
1000 
mA 
(5) 


lee 
Supply 
Current 
(80960CF-25): 
lee Max 
950 
mA 
(4) 
IceTyp 
775 
mA 
(5) 


lee 
Supply Current 
(80960CF-16): 
mA 
Ice Max 
750 
(4) 
leeTyp 
575 
(5) 


IONCE 
ONCE-mode 
Supply Current 
mA 


80960CF-40 
225 
80960CF-33, 
-25, -16 
150 


CIN 
Input Capacitance 
for: CLKIN, R"ESEi, OI'Jcr, 
0 
12 
pF 
Fc = 1 MHz 
READY, HOLD, DREQ3:0, 
~, 
XINT7:O, mAT, 


BTERM, CLKMODE 


COUT 
Output 
Capacitance 
of each output 
pin 
12 
pF 
Fe = 1 MHz (6) 


CI/O 
1/0 Pin Capacitance 
12 
pF 
Fc = 1 MHz 


NOTES: 


1. 
No pullup 
or pulldown. 


2. 
These 
pins have internal 
pullup 
resistors. 


3. 
These 
pins have internal 
pulldown 
resistors. 


4. 
Measured 
at worst case frequency, 
Vcc and temperature, 
with device operating 
and outputs 
loaded 
to the test conditions 
described 
in Section 
4.5.1, AC TEST 
CONDITIONS. 


5. 
lee Typical 
is not tested. 


6. 
Output 
Capacitance 
is the capacitive 
load of a floating 
output. 


7. 
CLKMODE 
pin has a pulldown 
resistor 
only when 0IiICE 
pin is deasserted. 
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4.5 
AC Specifications 


Table 
15. 
80960CF 
AC Characteristics 
(40 MHz) 
(Sheet 1 of 3) 


(80960CF-40 
only, per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST CONDITIONS.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Input 
Clock 
(1,9) 


TF 
CLKIN 
Ftequency 
0 
80 
MHz 


Tc 
CLKIN 
Period 
In t-x Mode (fCLK1x) 
25 
125 
ns 
(11) 


In z-x Mode (fCLK2x) 
12.5 
00 
ns 


Tcs 
CLKIN 
Period Stability 
In t-x 
Mode (fCLK1x) 
:1:0.1% 
~ 
(12) 


TCH 
CLKIN 
High Time 
In 1-x Mode (fCLK1X) 
5 
62.5 
ns 
(11) 
In 2-x Mode (fCLK2x) 
5 
00 
ns 


TCL 
CLKIN 
Low Time 
In t-x 
Mode (fCLK1x) 
5 
62.5 
ns 
(11) 


In z-x Mode (fCLK2x) 
5 
00 
ns 


TCR 
CLKIN 
Rise Time 
0 
6 
ns 


TCF 
CLKIN 
Fall Time 
0 
6 
ns 


Output 
Clocks 
(1,8) 


Tcp 
CLKIN to PCLK2:1 
Delay 
In t-x Mode (fCLK1x) 
-2 
2 
ns 
(3,12) 
In z-x Mode (fCLK2x) 
2 
25 
ns 
(3) 


T 
PCLK2:1 
Period 
In t-x Mode (fCLK1x) 
Tc 
ns 
(12) 


In z-x Mode (fCLK2x) 
2Tc 
ns 
(3) 


TpH" 
PCLK2:1 
High Time 
(T/2) - 2 
T/2 
ns 
(12) 


TpL 
PCLK2:1 
Low Time 
(T/2) - 2 
T/2 
ns 
(12) 


TpR 
PCLK2:1 
Rise Time 
1 
4 
ns 
(3) 


TpF 
PCLK2:1 
Fall Time 
1 
4 
ns 
(3) 


Synchronous 
Outputs 
(8) 


." 
NOTES. 
See Table 18 for all notes related to AC specifications. 
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Table 
15. 
80960CF 
AC Characteristics 
(40 MHz) 
(Sheet 2 of 3) 


(80960CF-40 
only, per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST 
CONDITIONS.) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TOH 
Output 
Valid Delay, Output 
Hold 
(6,10) 


Tov 
TOH1' TOV1 
A31:2 
3 
14 
ns 


TOH2' TOV2 
BE3:O 
3 
16 
ns 


TOH3, TOV3 
AUS 
6 
16 
ns 


TOH4' TOV4 
WIR 
3 
16 
ns 


TOHS, Tovs 
DiC, SUP, IDJA 
4 
, 
16 
ns 


TOH6' TOV6 
BLAST, WAIT 
5 
16 
ns 


TOH7, TOV7 
"lJEf'J 
3 
16 
ns 


TOH8, TOV8 
HOLDA, 
BREQ 
4 
16 
ns 


TOH9, TOV9 
IDCR: 
4 
16 
ns 


TOH10' TOV10 
DACK3:0 
4 
16 
ns 


TOH11,TOV11 
D31:0 
3 
16 
ns 


TOH12' TOV12 
DTIR 
T/2 + 3 
T/2 + 14 
ns 
TOH13, TOV13 
~ 
2 
14 
ns 


TOH14' TOV14 
rnP3:O!TC3:0 
3 
16 
ns 
(6,10) 


TOF 
Output 
Float for all outputs 
3 
22 
ns 
(6) 


Synchronous 
Inputs 
(1,9,10) 


T1S 
Input Setup 
:. 
T1S1 
D31:0 
3 
ns 


T1S2 
~ 
15 
ns 


T1S3 
B'rERM1READY 
7 
ns 


T1S4 
I 
HOLD 
5 
ns 


TIH 
Input Hold 


TIH1 
D31:0 
5 
ns 


TIH2 
~ 
5 
ns 


T1H3 
B'rERM1READY 
2 
ns 


TIH4 
HOLD 
3 
ns 


- 


NOTES: 
See Table 18 for all notes related to AC specifications. 
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Hlslng 


TAVEL1 
A31:2 Valid to lJ"EN Falling 
T-4 
T+4 
ns 


TAVEL2 
BE3:O, WIR, SOP, TNST,~, 
DAcK3:0 
Valid to lJ"EN 
T-6 
T+6 
ns 
Falling 


TNLOV 
WliJT Falling to Output 
Data Valid 
±6 
ns 


TOVNH 
Output 
Data Valid to WliJT Rising 
N*T-6 
N*T +6 
ns 
(4) 


TNLNH 
WliJT Falling to WliJT Rising 
N*T±4 
ns 
(4) 


TNHOX 
Output 
Data Hold after WliJT Rising 
(N+1)*T-8 
(N+1)*T+6 
ns 
(5) 


TEHTV 
DTIR Hold after lJ"EN High 
T/2 -7 
00 
ns 
(6) 


TTVEL 
DTIR Valid to lJ"EN Falling 
T/2-4 
ns 


Relative 
Input 
Timings 
(1,2,3) 


T1S5 
RESET 
Input Setup (2-x Clock Mode) 
6 
ns 
(13) 


T1H5 
RESET 
Input Hold (z-x Clock Mode) 
5 
ns 
(13) 


T1S6 
~:O 
Input Setup 
12 
ns 
(7) 


T1H6 
DREQ3:0 
Input Hold 
7 
ns 
(7) 


T1S7 
Xll'JT7:O, NMI Input Setup 
7 
ns 
(15) 


TIH7 
Xll'JT7:O, NMI Input Hold 
3 
ns 
(15) 


T1SB 
RESET 
Input Setup (1-x Clock Mode) 
, 
3 
ns 
(14) 


TIHB 
RESET 
Input Hold (t-x Clock Mode) 
T/4+ 1 
ns 
(14) 


NOTES: 
See Table 18 for all notes related to AC specifications. 
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Table 16. 
80960CF 
AC Characteristics 
(33 MHz) 
(Sheet 1 of 3) 


(80960CF-33 
only, per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST CONDITIONS.) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


Input Clock (1,9) 


TF 
CLKIN 
Frequency 
0 
66.66 
MHz 


Tc 
CLKIN Period 
In t-x Mode (fCLKlx) 
30 
125 
ns 
(11) 


In 2-x Mode (fCLK2X) 
15 
00 
ns 


Tcs 
CLKIN Period Stability 
In t-x Mode (fCLK1X) 
±0.1% 
~ 
(12) 


TCH 
CLKIN 
High lime 
In t-x Mode (fCLK1X) 
5 
62.5 
ns 
(11) 


In z-x Mode (fCLK2x) 
5 
00 
ns 


TCL 
CLKIN Low lime 
In t-x Mode (fCLKlx) 
5 
62.5 
ns 
(11) 


, 
In 2-x Mode (fCLK2x) 
5 
00 
ns 


TCR 
CLKIN 
Rise lime 
0 
6 
ns 


TCF 
CLKIN Fall lime 
, 
0 
6 
ns 


Output 
Ciocks 
(1,8) 


Tcp 
CLKIN to PCLK2:1 
Delay 
In t-x Mode (fCLKlx) 
-2 
2 
ns 
(3,12) 


In z-x Mode (fCLK2X) 
2 
25 
ns 
(3) 


T 
PCLK2:1 
Period 
In t-x Mode (fCLKlx) 
TC 
ns 
(12) 


In z-x Mode (fCLK2x) 
2TC 
ns 
(3) 


TpH 
PCLK2:1 
High lime 
(T/2) - 2 
T/2 
ns 
(12) 


TpL 
PCLK2:1 
Low lime 
- 
(T/2) - 2 
T/2 
ns 
(12) 


'PR 
PCLK2:1 
Rise lime 
. 1 
4 
ns 
(3) 


TpF 
PCLK2:1 
Fall lime 
1 
4 
ns 
(3) 


NOTES: 
See Table 18 for all notes related to AC specifications. 
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Table 16. 80960CF 
AC Characteristics 
(33 MHz) 
(Sheet 2 of 3) 


(80960CF-33 
only. per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST CONDITIONS.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Synchronous 
Outputs 
(8) 


TOH 
Output 
Valid Delay. Output 
Hold 
(6.10) 
. 


Tov 
TOH1• TOV1 
A31:2 
3 
14 
ns 


TOH2• TOV2 
B'E3:O 
3 
16 
ns 


TOH3• TOV3 
AITS 
6 
18 
ns 


TOH4• TOV4 
wIR 
. 
3 
18 
ns 


TOH5• TOV5 
D/C.SUP.~ 
4 
16 
ns 
5 
16 
ns 
TOH6• TOV6 
BG\ST. Wl\TT 
3 
16 
ns 
TOH7• TOV7 
urn 
4 
16 
ns 
TOH8• TOV8 
HOLDA. 
BREQ 
4 
16 
ns 
TOH9• TOV9 
meR 
4 
18 
ns 


TOH1Q. TOVlO 
OACK3:0 
3 
16 
ns 


TOH11•TOV11 
031:0 
T/2 + 3 
T/2 + 14 
ns 


TOH12• TOV12 
DTIR 
2 
14 
ns 


TOH13• TOV13 
J=AJ[ 
3 
18 
ns 
(6.10) 


TOH14.TOV14 
EOP3:O~ 


TOF 
Output 
Float for all outputs 
3 
22 
ns 
(6) 


Synchronous 
Inputs 
(1,9,10) 


T1S 
Input Setup 
TIS1 
031:0 
3 
ns 


TIS2 
OOFF 
17 
ns 


TIS3 
B'rER'MIREADY 
7 
ns 


TIS4 
HOLD 
7 
ns 


TIH 
Input Hold 
TIH1 
031:0 
5 
ns 


TIH2 
OOFF 
5 
ns 


TIH3 
B'rER'MIREADY 
2 
ns 


TIH4 
HOLD 
3 
ns 


Relative 
Output 
Timings 
(1,2,3,8) 


TAVSH1 
A31:2 Valid to AITS Rising 
T-4 
T+4 
ns 


TAVSH2 
BE3:O. WIR. sup. D/C. ~. 
OACK3:0 
Valid to AITS 
T-6 
T+6 
ns 
Rising 


TAVEL1 
A31 :2 Valid to urn Falling 
T-4 
T+4 
ns 


TAVEL2 
t3E3:0. WiR. sop. TNS't.mAA. 
OACK3:0 
Valid to "DEN 
T-6 
T+6 
ns 
Falling 


TNLQV 
WAIT Falling to Output 
Data Valid 
±6 
ns 


NOTES: 
See Table 18 for all notes related to AC specifications. 
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Table 
16. 
80960CF 
AC Characteristics 
(33 MHz) 
(Sheet 3 of 3) 


(80960CF-33 
only, per the conditions 
in 4.2 Operating 
Conditions 
arid 4.5.1 AC TEST CONDITIONS.) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TOVNH 
Output 
Data Valid to WAIT Rising 
N*T-6 
N*T + 6 
ns 
(4) 


TNLNH 
WAIT Falling to WAIT Rising 
N*T±4 
ns 
(4) 


TNHQX 
Output 
Data Hold after WAIT Rising 
(N+1)*T-8 
(N+1)*T+6 
ns 
(5) 


TEHTV 
DTIR Hold after D"EI'JHigh 
T/2-7 
00 
ns 
(6) 


TTVEL 
DTIR Valid to D"EI'JFalling 
. 
T/2 -4 
ns 


Relative 
Input 
Timings 
(1,2,3) 


T1S5 
RESET 
Input Setup (z-x Clock Mode) 
6 
ns 
(13) 


T1H5 
RESET 
Input Hold (2-x Clock Mode) 
5 
ns 
(13) 


T1S6 
DREQ3:0 
Input Setup 
12 
ns 
(7) 


T1H6 
DREQ3:0 
Input Hold 
7 
r 
ns 
(7) 


T1S7 
XINT7:O, 
NMLlnput 
Setup 
7 
ns 
(15) 


TIH7 
mT7:O, 
NMI Input Hold 
3 
ns 
-(15) 


T1S8 
RESET 
lnput Setup (t-x 
Clock Mode) 
3 
ns 
(14) 


T1H8 
RESET 
Input Hold (1-x Clock Mode) 
T/4 + 1 
ns 
(14) 


NOTES: 
See Table 18 for all notes related to AC specifications. 
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- 
......... 
--- 
" 
vL.r\IXI 
u 
v,.v 
11::1 
\11) 
In z-x Mode (f CLK2x) 
8 
ce 
ns 


TCL 
CLKIN Low lime 
In 1-x Mode (f CLKlx) 
8 
62.5 
ns 
(11) 


In z-x Mode (f CLK2x) 
8 
ee 
ns 


TCR 
CLKIN 
Rise lime 
0 
6 
ns 


TCF 
CLKIN 
Fall lime 
0 
6 
ns 


Output 
Clocks 
(1,8) 


Tcp 
CLKIN to PCLK2:1 
Delay 
In 1-x Mode (f CLKlx) 
-2 
2 
ns 
(3,12) 


In z-x Mode (f CLK2x) 
2 
25 
ns 
(3) 


T 
PCLK2:1 
Period 
In 1-x Mode (f CLKlx) 
Tc 
ns 
(12) 


In 2-x Mode (f CLK2x) 
2Tc 
ns 
(3) 


TpH 
PCLK2:1 
High lime 
(T/2) - 3 
T/2 
ns 
(12) 


TpL 
PCLK2:1 
Low lime 
(T/2) - 3 
T/2 
ns 
(12) 


TpR 
PCLK2:1 
Rise lime 
1 
4 
ns 
(3) 


TpF 
PCLK2:1 
Fall lime 
1 
4 
ns 
(3) 


Synchronous 
Outputs 
(8) 


TOH 
Output 
Valid Delay, Output 
Hold 
(6,10) 
Tov 
TOH1' TOVl 
A31:2 
3 
16 
ns 


TOH2' TOV2 
BE3:O 
3 
18 
ns 


TOH3, TOV3 
ADS 
6 
20 
ns 


TOH4' TOV4 
wlR 
3 
20 
ns 
4 
18 
ns 
TOH5, TOV5 
D/C, SOP, mvlA 
5 
18 
ns 
TOH6, TOV6 
NAST, WAIT 
3 
18 
ns 
TOH7, TOV7 
urn 
4 
18 
ns 
TOH8, TOV8 
HOLDA, 
BREQ 
4 
18 
ns 
TOH9, TOV9 
meR 
4 
20 
ns 
TOH10' TOV10 
DACK3:0 
3 
18 
ns 


TOHll' 
TOVll 
D31:0 
T/2 + 3 
T/2 + 16 
ns 


TOH12' TOV12 
DTIR 
2 
16 
ns 


TOH13, TOV13 
f'A1[ 
3 
20 
ns 
(6,10) 


TOH14' TOV14 
EOP3:O!TC3:0 


TOF 
Output 
Float for all outputs 
3 
22 
ns 
(6) 
. . 
NOTES: 
See Table 18 for all notes related to AC specifications 
. 
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Table 17. 
80960CF 
AC Characteristics 
(25 MHz) 
(Sheet 2 of 2) 


(809S0CF-25 
only, per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST 
CONDITIONS.) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


Synchronous 
Inputs 
(1,9,10) 


TIS 
Input Setup 
TIS1 
031:0 
5 
ns 
TIS2 
~ 
19 
ns 


TIS3 
BTrnMIREAlW 
9 
ns 
TIS4 
HOLD 
9 
ns 


TIH 
Input Hold 


TIH1 
031:0 
5 
ns 


TIH2 
BNF 
7 
ns 
TIH3 
BTrnMIREAlW 
2 
ns 


TIH4 
HOLD 
5 
ns 


Relative 
Output 
Timings 
(1,2,3,8) 


TAVSH1 
A31:2 Valid to ADS Rising 
T-4 
T+4 
ns 


TAVSH2 
BE3:O, WIR, SOP, DiC, 
D"fJA, DAcK3:0 
Valid to ADS Rising 
T-S 
T+S 
ns 


TAVEL1 
A31:2 Valid to om Falling 
T-4 
T+4 
ns 


TAVEL2 
BE3:O, WIR, SOP, T1'JST, 
D"fJA, DACK3:0 
Valid to om Falling 
T-S 
T+S 
ns 


TNLQV 
WAIT Falling to Output 
Data Valid 
±S 
ns 


TOVNH 
Output 
Data Valid to WAIT Rising 
N*T-F 
N*T+S 
ns 
(4) 


TNLNH . 
WAIT Falling to WAIT Rising 
N*T±4 
ns 
(4) 


TNHQX 
Output 
Data Hold after WAIT Rising 
(N+1)*T- 
(N+1)*T +S 
ns 
(5) 
8 


TEHTV 
DTIR Hold after lJEf\l High 
T/2-7 
00 
ns 
(S) 


TTVEL 
DTIR Valid to om Falling 
T/2-4 
ns 


Relative 
Input 
Timings 
(1,2,3) 


TIS5 
RESET 
Input Setup (2-x Clock Mode) 
8 
ns 
{13} 


TIH5 
RESET 
Input Hold {2-x Clock Mode} 
7 
ns 
{13} 


TIS6 
DREQ3:0 
Input Setup 
14 
ns 
{7} 


TIH6 
DREQ3:0 
Input Hold 
9 
ns 
{7} 


TIS7 
XINT7:O, JiJMTInput Setup 
9 
ns 
{15} 


TIH7 
XINT7:O, JiJMTInput Hold 
5 
ns 
(15) 


TIS8 
RESET 
Input Setup {1-x Clock Mode} 
3 
ns 
{14} 


TIH8 
RESET 
Input Hold (t-x 
Clock Mode) 
T/4 + 1 
ns 
(14) 
. . 
NOTES: 
See Table 18 for all notes related to AC specifications 
. 
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Table 
18. 
80960CF 
AC Characteristics 
(16 MHz) 
(Sheet 
1 of 3) 


(80960CF-16 
only, per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST CONDITIONS,) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


Input 
Clock 
(1,9) 


TF 
CLKIN Frequency 
0 
32 
MHz 


Tc 
CLKIN Period 
In t-x 
Mode (fCLK1x) 
62,S 
125 
ns 
(11) 
In 2-x Mode (fCLK2x) 
31,25 
00 
ns 


Tcs 
CLKIN Period Stability 
In t-x 
Mode (fCLK1x) 
±O,1% 
t!. 
(12) 


TCH 
CLKIN High Time 
In t-x Mode (fCLK1x) 
10 
62,S 
ns 
(11) 
In z-x Mode (fCLK2x) 
10 
00 
ns 


TCL 
CLKIN Low Time 
In t-x 
Mode (fCLK1x) 
10 
62,5 
ns 
(11) 
In 2-x Mode (fCLK2x) 
10 
00 
ns 


TCR 
CLKIN 
Rise Time 
0 
6 
ns 


TCF 
CLKIN Fall Time 
0 
6 
ns 


Output 
Clocks 
(1,8) 


Tcp 
CLKIN to PCLK2:1 
Delay 
In t-x Mode (fCLK1x) 
-'2 
2 
ns 
(3,12) 
In 2-x Mode (fCLK2x) 
2 
25 
ns 
(3) 


T 
PCLK2:1 
Period 
In t-x 
M,ode (fCLK1x) 
TC 
ns 
(12) 
In 2-x Mode (fCLK2x) 
2TC 
ns 
(3) 


TpH 
PCLK2:1 
High Time 
(T/2)'- 
4 
T/2 
ns 
(12) 


TpL 
PCLK2:1 
Low Time 
(T/2) - 4 
T/2 
ns 
(12) 


TpR 
PCLK2:1 
Rise Time 
1 
4 
ns 
(3) 


TpF 
PCLK2:1 
Fall Time 
1 
4 
ns 
(3) 


Synchronous 
Outputs 
(8) 


TOH 
Output Valid Delay, Output 
Hold 
(6,10) 
Tov 
TOH1' TOV1 
A31:2 
3 
18 
ns 


TOH2' TOV2 
BE3:O 
' 
3 
20 
ns 


TOH3' TOV3 
AITS, 
6 
22 
ns 
I 


TOH4' TOV4 
W/R 
3 
22 
ns 
, 


TOHS' Tovs 
D/C, SDP, m;;f;\ 
4 
20 
ns 
5 
20 
ns 


i 
TOH6, TOV6 
BLAST, WAIT 
3 
20 
ns 
; 
TOH7' TOV7 
DEN 
4 
20 
ns 
TOHS' Tovs 
HOLDA, 
BREO 
4 
20 
ns 
", 


TOHS' Tovs 
COCK 
4 
22 
ns 


TOH10' TOV1O 
DACK3:0 
3 
20 
ns 


TOH11' TOV11 
D31:0 
T/2 + 3 
T/2 + 18 
ns 


TOH12' TOV12 
DT/R 
2 
18 
ns 


TOH13' TOV13 
F'Af[ 
3 
22 
ns 
(6,10) 


TOH14' TOV14 
EOP3:U!TC3:0 


TOF 
Output 
Float for all outputs 
3 
22 
ns 
(6) 
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Table 18. 
80960CF 
AC Characteristics 
(16 MHz) 
(Sheet 2 of 3) 


(80960CF-16 
only, per the conditions 
in 4.2 Operating 
Conditions 
and 4.5.1 AC TEST CONDITIONS.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Synchronous 
Inputs 
(1,9,10) 


T1S 
Input Setup 
T1S1 
D3l:0 
5 
ns 


T1S2 
BOFF 
21 
ns 


. T1S3 
BTERM/REAOY 
9 
ns 


T1S4 
HOLD 
9 
ns 


TIH 
Input Hold 


TIHl 
D3l:0 
5 
ns 


TIH2 
BOFF 
7 
ns 


T1H3 
BTERM~ 
2 
ns 


TIH4 
HOLD 
5 
ns 


Relative 
Output 
Timings 
(1,2,3,8) 


TAV5Hl 
A3l:2 
Valid to ADS Rising 
T-4 
T+4 
ns 


TAVSH2 
B'E3:O, W/R, SOP, DiC, 
mJA,. DACK3:0 
Valid to ADS Rising 
T-6 
T+6 
ns 


TAVELl 
A3l:2 
Valid to urn Falling 
T-6 
T+6 
ns 


TAVEL2 
B'E3:O, w/R, 
SOP, rnsT, 
mJA, 
DACK3:0 
Valid to urn Falling 
T-6 
T+6 
ns 


TNLOV 
. WAfT Falling to Output 
Data Valid 
±6 
ns 


TDVNH 
Output 
Data Valid to WAIT Rising 
N*T-6 
N'T + 6 
ns 
(4) 


TNLNH 
WAfT Falling to WAIT Rising 
N*T±4 
ns 
(4) 


TNHOX 
Output 
Data Hold after WAIT Rising 
(N+l)*T-8 
(N+l)*T+6 
ns 
(5) 


TEHTV 
DT/R Hold after urn High 
T/2 -7 
00 
ns 
(6) 


TTVEL 
DT/R Valid to urn Falling 
T/2 -4 
ns 


Relative 
Input 
Timings 
(1,2,3) 


T1S5 
RESET 
Input Setup (2-x Clock Mode) 
10 
ns 
(13) 


T1H5 
RESET 
Input Hold (z-x Clock Mode) 
9 
ns 
(13) 


T1S6 
DREQ3:0 
Input Setup 
16 
ns 
(7) 


T1H6 
DREQ3:0 
Input Hold 
11 
ns 
(7) 


T1S7 
XJN"i'7:O, 
NMI Input Setup 
9 
ns 
(15) 
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NOTES: 


1. 
See Section 
4.5.2, AC TIMING 
WAVEFORMS 
for waveforms 
and definitions. 


2. 
See Figure 
16 for capacitive 
derating 
information 
for output 
delays 
and hold times. 


3. 
See Figure 
17 for capacitive 
derating 
information 
for rise and fall times. 


4. 
Where 
N is the number 
of NRAD, 
NRDD, 
NWAD or NWDD 
wait states that are programmed 
in the Bus Controller 
Region 


Table. WAIT never goes active when there are no wait states 
in an access. 


5. 
N = Number 
of wait states 
inserted 
with READY. 


6. 
Output 
Data and/or 
DT/R may be driven indefinitely 
following 
a cycle if there 
is no subsequent 
bus activity. 


7. 
Since asynchronous 
inputs are synchronized 
intemally 
by the 80960CF, 
they have no required 
setup or hold times to be 


recognized 
and for proper 
operation. 
However, 
to guarantee 
recognition 
of the input at a particular 
edge of PCLK2: 1, the 


setup times 
shown 
must be met. Asynchronous 
inputs 
must be active for at least two consecutive 
PCLK2: 1 rising edges 


to be seen by the processor. 


8. 
These 
specifications 
are guaranteed 
by the processor. 


9. 
These 
specifications 
must be met by the system for proper 
operation 
of the processor. 


10. This timing 
is dependent 
upon the loading of PCLK2:1. 
Use the derating 
curves 
of Section 
4.5.3, DERATING 
CURVES 
to 


adjust 
the timing 
for PCLK2:1 
loading. 


11. In the t-x input clock mode, the maximum 
input clock period 
is limited to 125 ns while the processor 
is operating. 
When 
the processor 
is in reset, the input clock may stop even in t-x mode. 


12. When 
in the t-x input clock mode, these specifications 
assume 
a stable 
input clock with a period variation 
of less than ± 
0.1 % between 
adjacent 
cycles. 


13.ln 
2-x clock mode, 
RESET 
is an asynchronous 
input which 
has no required 
setup and hold time for proper 
operation. 


However, 
to guarantee 
the device 
exits reset synchronized 
to a particular 
clock edge, the RESET 
pin must meet setup 
and hold times to the falling 
edge of the CLKIN. 
(See Figure 
23.) 


14.ln 
t-x clock mode, 
RESET 
is an asynchronous 
input which 
has no required 
setup and hold time for proper 
operation. 


However, 
to guarantee 
the device 
exits reset synchronized 
to a particular 
clock edge, the RESET 
pin must meet setup 
and hold times to the rising edge of the CLKIN. 
(See Figure 
24.) 


15. The interrupt 
pins are synchronized 
internally 
by the 80960CF. 
They have no required 
setup or hold times for proper 


operation. 
These 
pins are sampled 
by the interrupt 
controller 
every other clock and must be active for at least three 
con- 


secutive 
PCLK2: 1 rising edges when asserting 
them asynchronously. 
To guarantee 
recognition 
at a particular 
clock edge, 


the setup and hold times shown 
must be met for two consecutive 
PCLK2: 1 rising edges. 


4.5.1 
AC TEST CONDITIONS 


The AC Specifications 
in Section 
4.5 are tested with the 50 pF load shown 
in Figure 7. Figure 
16 shows 
how 
timings 
vary with load capacitance. 


Specifications 
are measured 
at the 
1.5V crossing' 
point, 
unless 
otherwise 
indicated. 
Input 
waveforms 
are 
assumed 
to have a rise and fall time ot s 2 ns from 0.8V to 2.0V. See Section 
4.5.2, AC TIMING 
WAVEFORMS 
for AC specification 
definitions, 
test points and illustrations. 
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Output 
Pin 
o 


CL = 50 pF for all signals 


Figure 7. AC Test Load 


4.5.2 
AC TIMING WAVEFORMS 


CLKIN [ 
T 
[ 


2.4V 
PCLK2:1 
1.5 V 
0.45 V 


Figure 8. Input and Output Clocks Waveform 


1.5 V 


- 
-TCF 


2.0V 


- 
- 
- 
- 
O.BV 


~----------TC----------~ 


Figure 9. CLKIN Waveform 
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NOTES: 


1. Tov TOH - OUTPUT 
DELAY - Maximum 
output delay is referred to as Output Valid Delay (TOV); minimum 
output delay is referred 
to as Output 
Hold (TqH)' 


2. 
TOF - OUTPUT 
FLOAT 
DELAY - Output float condition 
occurs 
when the maximum 
output 
current 
becomes 
less that ILO 
in magnitude. 


Figure 10. Output 
Delay and Float Waveform 


NOTES: 


1. TIS TIH - INPUT SETUP 
AND HOLD - Jhe input setup and hold requirements 
specify 'the sampling 
win- 


Figure 11. Input Setup and Hold Waveform 
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PCLK2:1 
[ 
1.5V 


1.5 V-t--,-"'-Ir 
+----+1.5\1 


Figure 12. NMT,XfIin"1:O 
Input Setup and Hold Waveform 


HOLD 
[ 
-;'_"",,~.J 


PCLK2:1 
[ 


Outputs: 
A31:2, 
D31:0,~, 
ADS, B[ASi, 
WAIT, W/R, 
DT/R, DEN, rocK, 
D/C, SUP,tmA 


HOLDA 
[ 


[ 
}--'----( 
1.5 V Valid 
-r-------~----~ 
~-~--- 


I 
1.5V 


NOTES: 


1. TOV TOH - OUTPUT 
DELAY· 
Maximum 
output delay is referred 
to as Output 
Valid Delay (TOV); minimum 
output delay is referred to as Output 
Hold (TOH). 


2. 
TOF • OUTPUT 
FLOAT DELAY· 
Output 
float condition 
occurs when the maximum 
output 
current 
becomes 
less that ILO in 
magnitude. 


3. 
T1S TIH • INPUT 
SETUP 
AND HOLD· 
The input setup and hold requirements 
specify 
the sampling 
window 
during 
which 
synchronous 
inputs must be stable 
for correct 
processor 
operation. 
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Figure 13. Hold Acknowledge Timings 
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A31:2. 031:0. BE3:0. L 
ADS. BI:AST. Wl\IT. WIR. 
OTIR. DEN. meR. 
O/C. SUP. m.iVi 
.1:i1.5 V Valid 


I 
I 


Valid 


BOFF[ 


I 


1.5 V 


I 


Figure 
14. 
Bus Backoff (SOFF) Timings 


A31:2. BE3:O. 


WIR.meR. 


SUP. O/C. m.iVi 


PCLK2:1 
[ 


ADS 
[ 


031:0 


Wim[ 


OTIR 
[ 
..••..• 
1""--r---------...-- 


DEN [I 
1.5 V 
1.5 V 
I 
I 


031:0 
[ +-----~---.--:----~ 
~I~ 


I 
I 
I 
I 


Figure 
15. 
Relative 
Timings 
Waveforms 
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4.5.3 
DERATING CURVES 


> 
III 


nom + 10 


- 
mcK.~. 
SUP. SREa. 
0ACK3:ll.EOP3:Cl~. 
'FAT[ 


nom+ 5 


--- 
All outputs except: mcK. 
om. sup. BREa. 0ACK3:ll. 
EOJ53:O!TC3:0. 
'FAT[ 


nom ~ 
~~ 
-+ 
_ 


50 
100 
CL (pF) 
150 
Note: PCLK Load = 50pF 


Figure 16. Output Delay or Hold vs. Load Capacitance 


10 
0.8 V to 2.0V 
10 


8 
8 
., 
., 


.s 6 
.s6 


Cl> 
Cl> 
E 
E 
1= 
4 
1= 
4 


2 
2 


CL (pF) 50 
100 
150 
CL (pF) 
50 
100 
150 


a) All outputs except: mcK. ~. 
SUP. HOLDA. 
BREa 
0ACK3:ll.EOP3:CltTC3:0.'FAT[ 


b) mcK. ~. 
sup. HOLDA. 
BREa. 
0ACK3:ll. 


EOP3:Cl~. 
'FAT[ 
F_CX019A 


Figure 17. Rise and Fall Time Derating at Highest Operating Temperature and Minimum Vcc 
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900r-----------------~ 


o~----------------~ 
o 
fpCLK (MHz) 
33 


ICC - lee under test conditions 


Figure 18. ICC vs. Frequency and Temperature-80960CF-33, 
-25, -16 


1100 


. 
Icc - lee under test conditions 


O"':- 
--:__ --:"!"~.,.....------------.J 
o 
fpCLK (MHz) 
40 


Figure 19. ICC vs. Frequency and Temperature-80960CF-40 


5.0 
RESET, BACKOFF 
AND HOLD 
ACKNOWLEDGE 
For example, if HOLD is asserted while HOLDA is 
inactive and the processor is in the reset state, the 
processor's bus pins enter the Hold Acknowledge 
state and HOLDA is granted. The processor is not 
able to perform memory accesses until the HOLD, 
request is removed, even if the RESET pin is brought 
high. This operation is provided to simplify boot-up 
synchronization among multiple processors sharing 
the same bus. 


Table 19 lists the condition of each processor output 
pin while RESET is asserted (Iow). Table 20 lists the 
condition of each processor output pin while HOLDA 
is asserted (high). 


In Table 20, with 'regard to bus output pin state only, 
the Hold Acknowledge state takes precedence over 
the reset state. Although asserting the RESET pin 
Internally resets the processor, the processor's bus 
output pins do not enter the reset state if Hold 
Acknowledge has been granted to a previous HOLD 
request 
(HOLDA 
is 
active). 
Furthermore, 
the 


processor grants new HOLD requests and enters the 
Hold Acknowledge state even while in reset. 
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Table 19. 
Reset Conditions 


Pins 
State During 
Reset 
(HOLDA 
inactive) 


A31:2 
Floating 


031:0 
Floating 


BE3:O 
Driven high (Inactive) 
wfR 
Driven low (Read) 


ADS 
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Figure 27. 
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Figure 30. Burst, Non-Pipelined Write Request Without Wait States, 32-Bit Bus 
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Figure 31. Burst, Non-Plpelined 
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Figure 33. 
Burst, Non·Pipelined 
Read Request 
With Wait States, 
8-Bit Bus 


PRELIMINARY I 


rv 
" 
" 
D 
D' 
D" 
D'" 


PCLK [ 


ADS [ 


A31:4, sop, [ 
~,D!C, 


mcK 


W!R [ 


A3:2 [ 
BE3:O 


D31:0 [ 


WAIT [ 


~ [ 


DT!R [ 


UEN[ 


F_CX035A 


Figure 34. Non-Burst, Plpellned Read Request Without Wait States, 32-Blt Bus 
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Figure 37. Burst, Plpellned Read Request With Wait States, 32·Blt Bus 
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Figure 38_ Burst, Plpellned Read Request With Wait States, 16·Blt Bus 
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Figure 43. 
HOLD Functional 
Timing 


PRELIMINARY 
J 


intet 
80960CF-40; -33, -25, -16 


System 
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Note: 


1. Case 
1: UREa 
must deassert 
before UACK deasserts. 
This appfies 
to all Fly-By 
modes: 
source 
synchronized 


packing 
modes 
and destination 
synchronized 
unpacking 
modes. 


2. Case 2: UREa 
must be deasserted 
by the second 
clock (rising edge) 
after UACK is driven 
high. 


This applies 
to all other 
DMA transfers.. 
. 


3. U7iCKXis asserted 
for the duration 
of a DMA bus request. 
The request 
may consist 
of multiple 
bus 
F_CX018A 


accesses 
(defined 
by ADS and BEAST). 


Figure 44. D'RE'Q and ~ 
Functional 
Timing 
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Note: EOP has the same AC Timing 
Requirements 
as UREa 
to prevent 
unwanted 
DMA requests. 
EOP is NOT edge 
tnggered. 
EOP must bileld 
for a minimum 
of 2 clock cycles 
then deasserted 
within 
15 clock cycles. 


Figure 45. 
E'O"P 
Functional 
Timing 
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Note: Terminal 
Count 
becomes 
active during 
the last bus request 
of a buffer transfer. 
If the 
last LOAD/STORE 
bus request 
is executed 
as multiple 
bus accesses, 
the TC will be active 
for the entire bus request. 
Refer to the i96()@ ex Microprocessor 
User's 
Manual 
for 
further 
information. 
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Figure 48. 
A Summary 
of"Aligned 
and Unaligned 
Transfers 
for Little Endian 
Regions 
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Figure 49. 
A Summary 
of Aligned 
and Unallgned 
Transfers 
for Little Endlan 
Regions 
(Continued) 
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Figure 50. Idle Bus Operation 


7.0 
REVISION 
HISTORY 


This is a new data sheet for the 80960CF-40 
product. 
It is derived 
from the 80960CF-33, 
-25, -16 data sheet. 


Aside from a few minor edits, only the AC Characteristics 
differ from the 80960CF-33, 
-25, -16 data sheet. 
IPRELIMINARY 
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- 
Direct 
Mapped 
- 
Parallel 
Load/Decode 
for Uncached 
Instruc- 
tions 


• 
Multiple 
Register 
Sets 
- 
Sixteen 
Global 
32-Bit 
Registers 
- 
Sixteen 
Local 
32-Blt 
Registers 
- 
Four 
Local 
Register 
Sets Stored 
On-Chip 
- 
Register 
Scoreboardlng 


• 
4 Glgabyte, 
Linear 
Address 
Space 


• 
Pin Compatible 
with 
80960KB 


- 
66.7 Mbytes/s 
Burst 
- 
Up to 16 Bytes 
Transferred 
per Burst 
• 
132-Lead 
Packages: 
- 
Pin Grid Array 
(PGA) 
- 
Plastic 
Quad 
Flat-Pack 
(PQFP) 


The 80960KA 
is a member 
of Intel's i960® 32-bit processor 
family, 
which 
is designed 
especially 
for embedded 


applications. 
It includes 
a S12-byte 
instruction 
cache and a built-in interrupt 
controller. 
The 80960KA 
has a large 


register 
set, multiple 
parallel 
execution 
units and a high-bandwidth 
burst bus. Using advanced 
RiSe technology, 


this high performance 
processor 
is capable 
of execution 
rates in excess 
of 9.4 million 
tnstrucnons 
per second'. 


The 
80960KA 
is well-suited 
for a wide 
range 
of applications 
including 
non-impact 
printers, 
1/0 control 
and 


specialty 
instrumentation. 
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Flgure~. The 80960KA Processor's Highly Parallel Architecture 


• 
Relative 
to Digital 
Equipment 
Corporation's 
VAX-llf780 
at 1 MIPS (VAX-llTM 
is a trademark 
of Digital 
Equipment 
Corporation) 
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80960KB 
EMBEDDED 32-BIT MICROPROCESSOR 
WITH INTEGRATED 
FLOATING-POINT 
UNIT 


• 
High-Performance 
Embedded Architecture 
- 
25 MIPS Burst Execution at 25 MHz 
- 
9.4 MIPS· Sustained Execution at 25 MHz 
• 
512-Byte On-Chip Instruction 
Cache 
- 
Direct Mapped 
- 
Parallel Load/Decode for Uncached Instruc- 
tions 
• 
Multiple Register Sets 
- 
Sixteen Global 32-Blt Registers 
- 
Sixteen Local 32-Blt Registers 
- 
Four Local Register Sets Stored On-Chip 
- 
Register Scoreboardlng 
• 
4 Glgabyte, Linear Address Space 
• 
Pin Compatible with S0960KA 


• 
Built-In Interrupt Controller 
- 
31 Priority Levels, 256 Vectors 
- 
3.4 ~s Latency 
@ 25 MHz 


• 
Easy to Use, High Bandwidth 32-Blt Bus 
- 
66.7 Mbytes/s Burst 
' 


- 
Up to 16 Bytes Transferred per Burst 
• 
132-Lead Packages: 
- 
Pin Grid Array (PGA) 
- 
Plastic Quad Flat-Pack (PQFP) 
• 
On-Chip Floating Point Unit 
- 
Supports IEEE 754 Floating Point Standard 
- 
Four SO-Bit Registers 
- 
13.6 MIllion Whetstonesls 
(Single 
Precision) at 25 MHz 


The 80960KB 
Is a member 
of Intel's 1960<l!>32·blt processor 
family, 
which 
Is designed 
especially 
for embedded 
applications. 
It Includes 
a 512·byte 
lqstructlon 
cache, 
an Integrated 
floating·polnt 
unit and a bullt-ln 
Interrupt 


controller. 
The 80960KB 
has a large register 
set, multiple 
parallel 
execution 
units and a high· bandwidth 
burst 
bus. Using advanced 
RiSe 
technology, 
this high performance 
processor 
Is capable 
of execution 
rates In excess 


of 9.4 million Instructions 
per second'. 
The 80960KB 
Is wetl-sultsd 
for a wide range of applications 
Including 
non- 
Impact printers, 
1/0 control 
and specially 
Instrumentation. 
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Figure 1. The 80960KB Processor's H~ghly Parallel Architecture 
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20 MIPS· Burst Execution at 20 MHz 
7.5 MIPS Sustained Execution 
at 20 MHz 
• 
512-Byte On-Chip Instruction 
Cache 
Direct Mapped 
- 
Parallel Load/Decode for Uncached 
Instructions 
• 
Multiple Register Sets 
Sixteen Global 32-Bit Registers 
Sixteen Local 32-Blt Registers 
Four Local Register Sets Stored 
On-Chip 
Register Scoreboardlng 


-,.. 
•••. ,.1 '11.~'I"'t'. 
__ ••••_ ••__ 


- 
4 Direct Interrupt Pins 
- 
31 Priori'ty Levels, 256 Vectors 


• 
Easy to Use, High Bandwidth 
16-Blt Bus 
- 
32 Mbytes/s Burst 
- 
Up to 16 Bytes Transferred per Burst 
• 
32-Blt Address Space, 4 Gigabytes 


• 
BO-LeadQuad Flat Pack (EIAJ QFP) 
- 
B4-Lead Plastic Leaded Chip Carrier 
(PLCC) 


• 
Software Compatible with 
B0960KAlKB/CAlCF Processors 


The 80960SA Is a member of Intel's 1960$32·blt processor family, which Is designed especially for low cost 
embedded applications. It Includes a 512·byte Instruction cacheand a built-in Interrupt controller. The 80960SA 
has a large register set, multiple parallel execution units and a 16-blt burst bus. Using advanced RiSe 
technology, this high performance processor Is capable of execution rates In excess of 7.5 million Instructions 
per second'. The 80960SA Is well-suited for a wide range of cost sensitive embedded applications Including 
non-Impact printers,'network adapters and I/O controllers. 
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Figure 1. The 80960SA ProcessQr's Highly Parallel Architecture 
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80960SB 
EMBEDDED 32-BIT MICROPROCESSOR 


.WITH 16-BIT BURST DATA BUS 
• High-Performance 
Embedded Architecture • Built-in Interrupt Controller 
- 
16 MIPS· Burst Execution at 16 MHz 
- 
4 Direct Interrupt Pins 
- 
5 MIPS Sustained Execution at 16 MHz 
- 
31 Priority Levels, 256 Vectors 
• 512-Byte On-Chip Instruction 
Cache 
• Built-In Floating Point Unit 
Direct Mapped 
- 
FuUy IEEE 754 Compatible 
- 
Para"el Load/Decode for Uncached 
• Easy to Use, High Bandwidth 16-Bit Bus 
Instructions 
- 
25.6 Mbytes/s Burst 
• Multiple Register Sets 
- 
Up to 16 Bytes Transferred per Burst 
Sixteen Global 32-Bit Registers 
• 32-Bit Address Space, 4 Glgabytes 
Sixteen Local 32-Blt Registers 
- 
Four Local Register Sets Stored 
• 80-Lead Quad Flat Pack (EIAJ QFP) 
On-Chip 
- 
84-Lead Plastic Leaded Chip Carrier 
- 
Register Scoreboardlng 
(PLCC) 
• Pin Compatible with 80960SA 
• Software Compatible with 
80960KAlKB/CAlCF Processors 


The 8096058 
Is a member 
of Intel's 
19604!l32-blt 
processor 
family, 
which 
Is designed 
especially 
for low cost 
embedded 
applications. 
It Includes 
a 512-byte 
Instruction 
cache, 
an Integrated 
floating-point 
unit and a built-In 
Interrupt 
controller. 
The 8096058 
has a large register 
set, multiple 
parallel 
execution 
units and a 16-blt burst 
bus. Using advanced 
RI5e 
technology, 
this high performance 
processor 
Is capable of execution 
rates In excess 
of 5 million 
Instructions 
per second'. 
The 8096058 
Is well-suited 
for a wide range of cost sensitive 
embedded 
applications 
Including 
non-Impact 
printers, 
network 
adapters 
and 1/0 controllers. 
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18 October 1995 


Dear Customer: 


Thank you for ordering the Applications 
Note AP-506, Designing for 80960Cx and 80960Hx 
Compatibility, 
which describes how to build a board to accept either the i96<1'Cx and the Hx 
processors. 


Since we published Applications 
Note AP-506, the Data Sheet AC specifications 
have been 


revised based on design simulations. 
Also, some errata have been discovered 
in the Applications 


Note. 
The enclosed sheet describes 
updates for AP-506. 


Please contact either one of us if you have any questions. 


Sincerely, 


Mike Pulley 
80960Hx Applications 
Engineer 


Mike_J_Pulley@ccm.hf.intel.com 


Jasmine Yamasaki 
80960Hx Product Marketing 
Jasmine_B_ Yamasaki@ccm.hf.intel.com 
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AP-506 Update Sheet 


Designing for B0960Cx and B0960Hx Compatibility 


Update #1: Page 14 


Was: 
• 
A Hx outputs data within a 7 ns window -- between 1.5 and 8.5 ns. 


•Should be: 
• 
For a 5V 1/0 system, the Hx produces data within an 11.5 ns window -- between 1.5 and 13 
ns. 


• 
For a 3.3V 1/0 system, the Hx produces data within an8.5 ns window -- between 1.5 and 10 
ns. 


Update #2: Table on Page 14 


Was: 


Output timing 
Input timing 
TOV (max) 
TIS (min) 


DO(80960Cx) 
16 ns 
3 ns 


DO(80960Hx) 
8.5 ns 
5 ns 


Combined 
16 ns 
5 ns 


Should be: 
- 


DO(80960Cx) 
DO(80960Hx) 
Combined 
Output timinq 
5VVO 
TOV (max) 
16 ns 
13 ns 
16 ns 
3.3V VO 
TOV (max) 
n/a 
10 ns 
16 ns 
Input timinq 
TIS (min) 
3 ns 
6 ns 
6 ns 


Update #3: Table 4. 


Was: 


Pin 
CAlCF 
A6 
DREQ1# 


S0960CxlS0960Hx 
Pin Differences 
on Page 16 


Hx 
TRST# 
80960Hx-ready 
System 


...This pin should be pulled high when not in use. 


Should be: 


Pin 
I 
CA/CF 
I 
Hx 
I 
80960Hx-ready 
System 
A6 
I 
DREQ1# 
I 
TRST# 
I ...This pin should be pulled low when not in use. 


Update #4: Add the following 
section 
to Page 11 


FAIL PIN 


Many applications 
use a light emitting diode (LED) to indicate when the FAIL# pin is low (active). 
However, when an Hx processor 
is in the socket, and the FAIL# pin is high (inactive) at 3.3V, the 


LED can still be forward biased enough to glow. 
To ensure the LED extinguishes 
when FAIL# 
goes high on both processors, 
Intel recommends 
the circuit shown in Figure 8, below. 
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AP-506 Update Sheet 
Designing for B0960Cx and B0960Hx Compatibility 


VCC 


1N4002, or 
equiv. 


Figure 8. Recommended 
FAIL# Pin Circuit 


The two diodes dissipate about 1.4V, so the LED voltage drops too low to glow when the Hx FAIL# 
pin goes high. 
Use a low current LED that can operate at 3-5 mA. This design works whether 
VCC is 5V or 3.3V nominal. 


'" 3.1 - 4.1V 


80960Cx 
or 
80960Hx 
3900, 
10%, 
0.125W 


An alternative 
is to e.liminate the diodes and power the LED from a 3.3V VCC supply for the Hx 
and from a 5V VCC supply for the Cx. 


FAIL# 


Update #5: Add the following bullet to the Design Guideline Summary on 
Page 17 


LED 


• 
Reduce the voltage on the FAIL# LED. 


Update #6: Add the following paragraph to the Reserved Memory section 
on Page 13 


Some systems use controllet 
chips that map their control registers into memory region OxffOOOOOO 
to Oxffffffff. 
Since the Hx processor does not access external addresses 
within that region, those 
systems should externally invert address bit 24.to the controller chip to move the registers to 
Oxf.eOOOOOO 
to Oxfeffffff. 
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INTRODUCTION 


The 80960HAlHDIHTI 
processors, 
Intel's 
new superscalar 
i960~ processor, 
adds new features 
and performance 
to the other well-known 
products 
in the i960 processor 
family. The 80960Hx 


is designed 
to satisfy the compute-intensive, 
data throughput 
performance 
requirements 
of both 
today's 
applications 
and those of the future. 


This document 
addresses 
the important 
hardware 
considerations 
when designin~ 
a "80960Hx 
ready" 
system-'. This is a system which is designed 
to use an i960 Cx processor 
and can also 
use 
the 
80960Hx 
processor 
(when 
available). 
To 
help 
simplify 
this 
task, 
pinout 
for 
the 
80960Hx 
PGA package 
is similar to pinout for the i960 Cx processor 
PGA package. 
Although 
the 80960Hx 
is not drop-in compatible 
with all Cx designs, 
systems can be built with a CPU 
socket footprint 
which will accept either processor. 
' 


A summary 
of the most important hardware 
design considerations 
are: 


power 
supply 
vcc for the Cx is 5V; the Hx uses 3.3V. An 80960Hx-ready 
system's 
power supply must accommodate 
these voltage requirements 
... 


DMA controller 
Cx processors 
have 
a built-in 
DMA 
controller; 
the Hx does 
not. An 
80960Hx-ready 
system 
should not use the Cx built-in 
DMA controller. 
Cx pins used for DMA control have different function on the Hx. 


byte enable 
signals 
The Hx's 
byte enable 
encodings 
are a supers et of the Cx byte enable 
encodings. 
The 80960Hx-ready 
system should be designed 
to accept 
all 
combinations 
of byte enable encodings. 


bus arbitration 
The Hx does not grant HOLD requests during an atomic operation 
(assert 
HOLDA 
in response 
to HOLD), 
but Cx processors 
will grant 
HOLD 


Endnotes 


1 Throughout 
this document, 
"Hx" refers to the i960 HA, HD and HT processors. 
Information 
that is specific to each is clearly indicated. 
. 


2 "80960Hx-ready" 
refers to a system designed 
to use a CAlCF processor 
that can also use an 
80960Hx. 


3 Throughout 
this document, 
"Cx" refers to both the i960 CA and CF processors. 
Information 
that is specific to each is clearly indicated. 
' 
IPRODUCT PREVIEW 


1-435 


AP-506 


requests 
after 
any 
bus 
request, 
including 
in 
the 
middle 
of 
atomic 
accesses. 
A 80960Hx-ready 
system must not allow HOLD requests 
when 
the external 
LOCK 
pin is asserted 
if semaphore 
operations 
are to be 
performed 
between bus masters. 


The Hx has an additional 
arbitration 
signal - 
BSTALL 
- 
which can be 
used by an external 
arbiter to indicate 
the processor 
has stalled because 
the bus controller 
is busy. (The Cx does not have BSTALL.) 


external interrupts 
Interrupt 
subsystems 
must produce 
asynchronous 
interrupt 
inputs. 
The 
Hx samples, interrupts 
differently than the Cx processors. 


NXDAwait states 


parity 


boundary scan 


reserved memory 


AC timing 
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A system 
must 
not 
rely 
on 
NXDAwait 
states 
between 
each 
access. 


Although 
both the Hx and Cx processors 
have programmable 
NXDAwait 
states, behavior 
in the Hx is different. 
The Hx always inserts NXDAwait 
states between 
accesses. 
The Cx only inserts 
NXDAwait states between 
bus "requests." 
Each bus request can cause multiple bus accesses. 


An 80960Hx-ready 
system must NOT accept data on writes during NXDA 


wait states. During NXDAwait states, the Hx processor 
drives the D31:0 
bus. Cx processors 
do not drive valid data during NXDAwait states. 


The Hx provides 
built-in 
byte parity; 
ex processors 
do not. If parity is 
used when the system contains an Hx processor, 
pull-up resistors must be 
provided 
to ensure 
that inputs 
sent to either 
the processor 
or to the 
external parity system do not float. 


The Hx has an IEEE 1149.1 ITAG interface; 
conversely, 
the Cx does not 
support ITAG. If JTAG is used when the system contains a Cx processor, 
the processor 
must be externally 
bypassed 
in the IT AG chain. 


Accesses 
to reserved memory (Oxffxxxxxx) 
do not appear on the Hx bus. 


The 
Cx 
uses 
Oxffffffxx 
to 
fetch 
the 
Initial 
Boot 
Record. 
External 
decoders 
should 
map 
this 
memory 
to 
two 
different 
areas 
in 
the 
processor's 
address space. 


AC specifications 
differ for Hx and Cx processors. 
Of course, AC timing 
analysis 
must be performed 
when designing 
a 80960Hx-ready 
system. 
The Cx AC timings are referenced 
to PCLK2: 1; on the Hx, AC timings 


are referenced 
to CLKIN. (The Hx does not have PCLK2:1 
signals.) 
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POWER 
REQUI.REMENTS 


The Hx requires a Vcc of 3.3V while the Cx operate at 5V. A system can be designed with a 
socket that accepts either processor. The Hx processor may be damaged if plugged into a 
socket that supplies 5V Vcc' Jumpers, switches, programmable power regulators, or other Vcc 
switching must be provided to select the proper Vcc for the processor. 
The 80960Hx's 
VOLDET pin can be used to accommodate automatic voltage selection circuitry. 


An 80960Hx-ready system requires 5V on the VCC5 pin to provide 5V tolerant inputs. 


Providing 
3.3 V In a 5 V System 


In most system board designs, the 5 V system power supply is routed to the components on the 
board through a dedicated board layer. With the requirement of a new 3.3 V supply for the Hx, 
it is not necessary to add a completely new power supply layer to the circuit board, as it is 
possible to create a 3.3 V "island" around the processor in the existing power supply plane. 


Figure 1 shows a recommended "island" layout. The Hx processor's 5 V tolerant input buffers 
and TTL compatible outputs allow the processor to interface with existing TTL compatible 
external logic without requiring extra components. Thus, the processor can run at 3.3 V while 
the system logic runs at 5 V. 


Other important considerations are: 


• 
The "island" needs to be large enough to include the processor, the required power supply 
decoupling capacitance, and the necessary connection to the 3.3 V source. 


• 
To minimize signal degradation, the gap between the 3.3 V "island" and the 5 V plane 
should be kept small. A typical gap size is about 0.02 inches. 


• 
Minimize the rtumber of traces routed across the power plane gap, since each crossing 
introduces signal degradation due to the impedance discontinuity that occurs at the gap. 
For traces that must cross the gap, route them on the side of the board next to the ground 
plane to reduce or eliminate the signal degradation caused by crossing the gap. If this is 
not possible, route the trace to cross the gap at a right angle (90 degrees). 


• 
Use liberal decoupling capaciatnce between the 5V plane and the 3.3V island. A 0.01 uf 
ceramic capacitor every 0.5 to 1.0 inches along the perimeter of the island will greatly 
reduce the impedance discontinuity. 
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Figure 1. Creating a Power "Island" 
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Choosing 
a Power Source 


The primary concerns which must be addressed when selecting a power source are maximum 
and minimum load current requirements and response time. The processor power supply must 
be able to maintain correct voltage regulation at current levels below 10 mA for the Hx in the 
HALT Mode, and up to the maximum current of 1.5 A. 


Executing a HALT instruction causes the Hx to enter the HALT Mode, which causes a 
significant reduction in the current consumption of the processor in as few as 100 ns. The 
transition from HALT to the Normal State causes current consumption to return to the normal 
levels in a similarly short period of time. The processor power supply must be able to maintain 
correct voltage regulation during these transitions. 


There are basically two options for supplying 3.3 V to the processor, either: 


• 
Add a 3.3 V tap to the primary system power supply 


• 
Use on-board secondary regulation to derive 3.3 V from the 5 V system power supply 


For on-board secondary regulation, a linear voltage regulator will perform adequately for most 
designs. If low heat or power dissipation is a design goal, the higher complexity and cost of a 
switching regulator may be warranted. Switching regulators offer better efficiency; thereby 
lowering regulator power consumption and heat. 


Figure 2 shows recommended layouts for 'power supply or linear regulator connection to the 
3.3 V "island." 
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Power Supply Selection 
For Flexible Systems 


Using the 80960Hx's voltage detect sense feature, you may design a flexible system which will 
automatically provide the proper processor voltage for an 80960Hx or Cx processor. It is also 
possible to make the selection of processor voltage an option during system board assembly. 


VOLDET 
Automatic 
Voltage 
Select Circuit Option 


By sampling the VOLDET pin at powerup, system boards can automatically select the 
processor power supply voltage, enabling a design that may use the 3.3V Hx or a 5 V Cx 
processor without jumpers or assembly time changes. The VOLDET pin is only present in the 
PGA package version of the Hx. This pin, which is an NC (No Connect) on the Cx processor, is 
connected internally to Vss on the Hx. This pin should be left unconnected in designs that do 
not use the voltage detect fe~ture. 


Figure 3 shows an example of VOLDET 'pin usage with a linear regulator circuit to 
automatically select the correct power supply voltage. If VOLDET is not connected inside the 
processor, indicating a 5 V part, the gate of MOSFET Ql is pulled high, which bypasses the 
3.3 V regulator, supplying 5 V directly to the processor. Shorting the regulator's input to.the 
output in this way is harmless for most linear regulators, due to regulator feedback circuitry 
which shuts the regulator off (contact regulator manufacturers for specifics). Note that in this 
case, most regulators require Q1 to handle all the processor's current requirements, and so 
should be a high-current, low on-state-resistance MOSFET. If VOLDET is connected to Vss' 
indicating a 3.3 V part, the Q1 transistor is turned off, allowing the regulator to function 
normally. Figure 4 shows a suggested placement and layout for MOSFET Q1. 


Other Voltage 
Selection 
Options 


It is also possible to design a flexible system board where the processor supply voltage is 
selected by an assembly time option. There are several methods to achieve this; the key 
requirement being that the design must handle the maximum current of 1.5 A. 
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Figure 3. Example Voltage 
Auto-Select 
Circu1t Topology4 


Endnotes 


4 Illustration cour~esyof Linear Technology Corporation 
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Figure 4. Suggested Placement and Layout for MOSFET Used in Optional 
Vol~ageAuto-select Circuit 


VCC5 Pin Requirement 


For mixed voltage systems where the processor 
interfaces 
with 5 V cornponents.jhe 
VCC5 pin 
must be connected 
to 5 V for proper 5 V tolerant 
buffer operation. 
The VCC5 
input 
should 
not exceed VCC by more than 2.25 V during 
power-up, 
power-down 
or during 
operation. 
If this requirement 
is not met, current 
flow through 
the pin may exceed 
55 mA which 
may 
damage the component. 
To' meet this requirement, 
one of two things must be done: 


• 
The power supply must be designed to turn on and off such that the difference 
between 
the 
VC CS and VCC voitages never exceeds 2.25 V, or, 


• 
A 100 Q resistor must be put in series with the VCC5 pin to limit the current through this 
path (Figure 5 shows a possible layout for this connection). 


The 
100 Q series 
resistor 
is required 
for power 
supplies 
which 
do not meet 
the voltage 
difference 
specification, 
and also provides 
protection 
in the case of a power 
supply 
failure 


(where the 5 V supply remains on, but the 3.3 V supply goes to zero). 
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The VCC5 pin corresponds to a NC (no connect) pin on the Cx processor. 
This pin has no 
effect on the operation of the Cx, and can be driven. 


Outline 
of socket 


3.3 Volt "Island" 


ill 
'I 
::::-....•'_:: 
:::i'::'...'.=':: 


Figure 5. Possible 
Layout For VCC5 Pin Connection 
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Processor 
Power Supply 
Oecoupling 


Processor power supply decoupling is critical for reliable operation. With the 80960Hx-ready 
system, there are two areas of concern, each of which are described in the following 
subsections: 


• 
High frequency decoupling, necessitated by the processor's high speed operation 


• 
Low frequency decoupling, necessitated by the processor's power saving features 


High Frequency 
Power Supply 
Oecoupling 


High frequency decoupling is critical on the ex processor. It is especially critical on the Hx 
processor, because of its high speed external bus, and also because of its very fast 66 MHz 
internal operation. 


A reliable design will include a minimum of nine 0.1 JlF capacitors and nine 0.01 JlF surface 
mount capacitors between power and ground, evenly distributed, close to the processor. The 
capacitors must be placed as close to the processor as possible, attached directly to the power 
and ground planes, or circuit board inductance will significantly reduce their effectiveness. 


A typical failure mode caused by inadequate high frequency decoupling is unreliable or 
inconsistent program behavior. These failures are often intermittent, and are very hard to 
debug. Figure 6 shows a recommended layout for the high frequency capacitors, with values as 
shown. 
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All values in microFarads 


Figure 6. Recommended 
High-Frequency 
Capacitor 
Values and Layout 


Bulk Power Supply 
Decoupling 


Bulk, or low frequency, decoupling is needed on all i960 processors, including the ex and Hx 
processors, since the Hx processor may switch between normal and low power states very 
quickly, causing large instantaneous current changes. To properly handle these instantaneous 
current changes, all designs must have adequate bulk decoupling. 
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In 5 V only systems, the processor can use the bulk decoupling capacitance all over the system 
board; however - 
with the processor on a separate power plane "island" - 
it is necessary to 


place adequate bulk capacitance on the processor "island." For bulk decoupling, multiple 
capacitors each in the range of 10 J..I.Fto 100 J..I.Fare typically used in parallel to achieve the 
required capacitance while maintaining a low effective series resistance (ESR). You can 
determine the amount of bulk decoupling required with the following formula: 


C::;;' (LlI * LlT) / LlV 


where LlIis the maximum change in current, LlTis the time it takes the power supply to adjust 
to the current change, LlV is the allowable voltage change to remain within specification. 


The effective series resistance (ESR) must also be. taken into account. You can find the 
maximum allowable ESR with this formula: . 


'~here LlV and LlIare the same as in the first equation. 


For example, for the Hx processor, the maximum change in current is about I.5A. The 
response time of a linear regulator may be around 15 J..I.s(contact regulator manufacturer for 
precise value). With no guard band, the maximum allowable supply voltage deviation from 
3.3 V is 0.3 V, yielding the following: 


C::::(1.5 A * 15 us) / 0.3 V = 75 J.lF 


with a maximum allowable ESR: 


ESR ::::0.3 V / 1.5 A = 0.2 Q 


Placing four 33 J..I.Ftantalum surface mount capacitors in parallel, directly between the power 
and ground planes, will reduce the ESR below this limit and provide adequate capacitance. 
Figure 8 shows a recommended layout for this example. 
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Figure 7. Recommended 
Bulk Oecoupllng 
Capacitor 
Values and Locations 
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BYTE ENABLE. SIGNALS 


. The i960 Cx processors always perform aligned accesses on the bus. This means that the byte 
enable signals are limited to the following combinations. 


Table 1. Byte Enable Signal Combinations 


Access 
BE3# 
BE2# 
BE1# 
BEO# 


WORD 
0 
0 
0 
0 


SHORT 
1 
1 
0 
0 


SHORT 
0 
0 
1 
1 


BYTE 
1 
1 
1 
0 


BYTE 
1 
1 
0 
1 


BYTE 
1 
0 
1 
1 


BYTE 
0 
1 
1 
1 


In addition to the accesses that the Cx performs, the Hx issues three unaligned cases when 
accessing 32-bit memory regions. 


Table 2. Unaligned 
Cases When Accessing 
32·Bit Memory 
Regions 


Access 
BE3# 
BE2# 
BE1# 
BEO# 


Unaligned 
Three-byte 
1 
0 
0 
0 


Unaligned 
Three-byte 
0 
0 
0 
1 
I 


Unaligned 
SHORT 
1 
0 
0 
1 


80960Hx-ready systems must be designed to support all encodings. This is-accomplished by 
ensuring that the memory write-enable signals for each byte are dependent on that byte's 
corresponding BE signal - 
not on a certain combination of byte enables. When accessing 16- 
or 8-bit regions, the Hx and Cx processors behave the same. 


INTERRUPT 
SAMPLING 


80960Hx-ready systems should be designed to produce asynchronous interrupts to the CPU. 
Synchronous systems such as lock-step multi-processor systems must meet input setup and 
hold times on the rising edges of CLKIN for the Hx, and on the falling edges of PCLK2: 1 for 
the Cx. Interrupt pins are sampled on the rising edge of CLKIN for the Hx. Contrarily, on the 
Cx processors these pins are sampled on the falling edge of CLKIN. The actual sampling of the 
interrupt pins occurs once every two CLKIN cycles. Improper system behavior occurs if these 
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setup and hold times are not met in a synchronous system. An example of this is the loosing 
synchronous operation of mu~tipleprocessors. 


PARITY 


A 80960Hx-ready system can implement parity when a Hx is in the CPU socket. 
Parity is 


disabled while a Cx is in the CPU socket. 


Five parity pins are added to the Hx. Four of these pins, labeled DP3:0, provide byte parity for 
data and possess the same timing as D31:0. The fifth pin is an output labeled PCHK#. It is 
asserted if a parity error is detected on reads. PCHK# is asserted in the clock, following the 
data cycle which has incorrect parity. The Hx DP3:0 pins correspond to the CAlCF's "no 
connect" pins. The Hx PCHK# pin corresponds to the DACKO# pin on the CAlCF. Pull-up 
resistors are recommended on DP3:0. These resistors are required if parity is nOFbeing used to 
put the Hx parity inputs to a known state. They are also required if parity is being used when a 
Cx is in the system, in order to provide valid logic levels for the external parity logic. External 
logic will detect PCHK# high when a Cx processor is in a system. This disables external parity 
reporting logic. 
. 


Parity is only checked on bytes which possess a corresponding active BE signal. 


CYCLE TYPE 


An 80960Hx-ready system should not us~ cycle type pins, nor should it use DMA. The Hx 
uses the pins which correspond to the Cx EOP#ffC# pins for CT3:0. When ADS# is not active, 
the cycle type is driven to indicate whether it is executing or is in HALT mode. When ADS# is 
active, CT3:0 indicate the type of bus access currently being started. 
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Table 3. Bus Access 


Cycle Type 
ADS# 
CT3:0 


Program 
initiated access using 8-bit bus 
0 
0000 


Program 
initiated access using 16-bit bus 
0 
0001 


Program 
initiated access using 32-bit bus 
0 
0010 


Event initiated access using 8-bit bus 
0 
0100 


Event initiated access using 16-bit bus 
0 
0101 


Event initiated access using 32-bit bus 
0 
0110 


Reserved 
0 
OX11 


Reserved 
0 
1XXX 


Processor 
not halted 
1 
OXOX 
r-; 


-, 


Processor 
not halted 
1 
OX10 


Reserved 
1 
0011 


Processor 
in HAL T mode 
1 
0111 


Reserved 
for future products 
1 
1XXX 


BSTALL 


The BSTALL signal becomes active when the Hx processor can not continue execution until a 
pending bus transaction is completed. A load instruction followed by an instruction that uses 
the result of the load, causes a stall until the load is completed. A store or a load instruction, 
issued when the bus queues are full, also cause a stall. In this case the Hx is stalled until a bus 
queue entry becomes available. One of these becomes available as a result of processing a 
pending bus request. The instruction scheduler can cause BSTALL when the processor fetches 
instructions from external memory. The processor must fetch these instructions due to 
instruction cache misses. 


The BSTALL pin can be used to provide "on demand" bus arbitration. When a system has an 
external bus master which is given higher priority than the Hx, it can maintain ownership of the 
bus until the Hx needs the bus. The Hx will assert BREQ when it has a pending bus request. 
When BREQ is asserted without BSTALL, the processor can continue operation even in the 
presence of a pending bus request. Some systems may choose to ignore this condition. 
Alternatively, they don't give the bus to the Hx, but instead wait until the processor is stalled. 
The assertion of BSTALL informs the arbitration logic of this condition. 
. 
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The Cx processor 
does not have a BST ALL pin - 
the corresponding 
pin on the Cx is the 
DMA# 
pin. It will be driven 
high during 
normal 
operation 
(no DMA). 
This signals 
a stall 
condition 
to the external logic. 


If BSTALL 
is used for bus arbitration 
in a 80960Hx-ready 
system, 
the recommendation 
is to 
logically 
"and" BSTALL 
and BREQ to indicate when the microprocessor 
requires 
the bus. 
By 
qualifying 
BSTALL 
with BREQ, the resulting 
signal can be used interchangeably 
between 
the 
Cx and Hx processors. 
This resulting 
signal is equivalent 
to BSTALL 
on a 80960Hx 
system, 
and equivalent 
to BREQ on a 80960Cx system. 


JTAG 


If boundary 
scan is used in an 80960Hx-ready 
system, a jumper 
should be used to connect TDI 
to the next device in the scan chain when a Cx is installed. 
The jumper 
should isolate the pin 
corresponding 
to TDO from the scan chain. 


The Hx supports IEEE 1149.1 boundary 
scan. This interface consists of 5 pins: 4 input pins and 
1 output pin. The JTAG interface 
utilizes pins used for DMA on the Cx. The Hx JTAG input 
pins correspond 
to CAlCF DREQ3:0# 
input pins. The JTAG output pin corresponds 
to a Cx 
DACKl# 
output pin. 


RESERVED 
MEMORY 


The Hx processor 
is not able to access external 
memory 
in the range OxffOOOOOOto Oxffffffff. 


This area is reserved 
for memory 
mapped 
registers. 
Consequently, 
an Hx processor 
cannot 
access the !BR of a Cx system .located at OxffffffOO: The IBR of an Hx processor 
is located at 
Oxfeffff30 through Oxfeffff5f. It may be beneficial 
to use a single memory 
area mapped 
to two 
different 
areas. 


For a system to be capable of using memory 
for either Hx or Cx boot up, at either Oxfexxxxxx 
or Oxffxxxxxx, 
address 
bit 24 should 
not be used in the boot area decode 
logic. Using 
this 
methodology, 
the Cx processor 
accesses this memory 
using addresses 
such as OxffffffOO, while 
the Hx processor 
uses addresses 
like Oxfeffff30. 


ACTIMING 


The timing of signals on the Hx differs from corresponding 
timing on the Cx. In general, 
the 
Hx is faster 
than the Cx. This generates 
some interesting 
design 
requirements 
for systems 
which accept either processor. 
Specifications 
for both implementations 
must be considered 
- 
the worst-case 
numbers must be used in the design. 
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The Hx specifications 
include two values for Tov (output valid delay) corresponding 
to 5V and 
3.3V memory 
systems. 
The Hx operates 
fastest in a 3.3V memory 
system, one which drives 


nominally 
3.3V as a logic "1". 
The processor 
requires 
additional 
time to discharge 
a 5V "1" 


data signal down to a valid "0" logic level. 


The worst-case 
sequence 
for AC timings 
is reading 
a "I" 
(high), then immediately 
writing 
a 


"0" (low). 
During the write, the processor 
must discharge 
the capacitive 
data bus below 1.5V 
to produce 
a valid low. 
It takes a few nanoseconds 
longer to discharge 
a 5V charge 
than a 
3.3V charge. 


The Hx specifications 
described 
in this section 
are estimates, 
and are subject to change 
when 


silicon becomes available . 


. REFERENCE 
CLOCK 


The Cx AC timings 
for input and output 
signals 
are measured 
against 
the transitions 
of the 
output PCLK2:1 
signals. When operating 
in Ix clock mode, the Cx processor 
input and output 
clocks 
are synchronized. 
Tcp, the CLKIN 
to PCLK2: I delay, 
is +/: 2ns in l x mode. 
When 
operating 
in 2x mode, the output clock edges are delayed 
from the input clocks. In 2x mode, 
Tcp is 2 to 25ns at 33 MHz. 


The Hx has no output clocks; Hx AC timings are specified according 
to the input clock. 


One of two clocking methods are recommended 
for a 80960Hx-ready 
system: 


• 
External 
logic can be clocked with PCLK2: 1 when a Cx is plugged 
into the socket. It can 
be clocked with CLKIN when using a Hx processor. 
. 


• 
Always use CLKIN to clock external logic for either a Cx or Hx processor. 


For the first of the above recommendations, 
a method of clock selection must be implemented. 
Jumpers 
can be used to select either CL KIN or PCLK2: 1 (to route to the synchronous 
logic 
within the system). This is a simple methodology 
because the clocked logic performs 
the same 
function 
with either processor. 
One benefit derived from this is that the clocks used by external 
logic are always the processor's 
reference 
clocks. 


CL KIN is the reference 
for the Hx; for the Cx it may be away from the reference 
(PCLK2: I) 
by as much as 2ns in Ix clock mode, or 25ns in 2x clock mode. This offset must be considered 
when analyzing 
system timing. Due to the wide range of possible 
delays, it is not practical 
to 
use 2x clock mode when using CLKIN 
for the external 
logic. The Hx does not support 
a 2x 
clock input. 
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INPUT/OUTPUT 
TIMING 


Input pins specify setup and hold times according 
to the processor 
reference 
clock. 


Input signals must be stable between the minimum 
input s~tup and hold times. This is the time 


when the signals 
are being latched internally 
within 
the processor. 
For minimum 
input setup 
and hold values, use the figures with the largest maximum 
values between the two devices . 


.AC timing 
parameters 
for output 
signals 
include 
both a minimum 
output 
hold 
time 
and a 


maximum 
output 
valid delay. The minimum 
output hold time specifies 
the time after a clock 
during which a signal continues 
to be valid from the previous 
state. The maximum 
output valid 
delay specifies 
the maximum 
time necessary 
for a signal to switch states. 


Output signals switch between 
the minimum 
output hold and the maximum 
output valid times. 
For minimum 
output 
hold, the smallest 
minimum 
value of the different 
devices 
should 
be 
used. Maximum 
output valid delay is the largest maximum 
value of the different 
devices. 


The combined 
specification 
for AC timings differs from the sole specification 
of either a Cx or 
Hx processor. 
An application 
which accepts 
either a Cx or Hx must operate 
over this wider 
range of timing. For example, 
pins D3l:0 
are bi-directional 
and require both input and output 
timing 
analysis. 
The AC timings 
used in this example 
are subject to change; 
refer to current 
data sheet for actual values. 


DO (80960CF) 
DO (80960Hx) 
Combined 


Output timing 
TOH (min) 
3 ns 
1.5 ns 
1.5 ns 


5VI/0 
TOV (max) 
16 ns 
13 ns 
16 ns 


3.3V I/O 
TOV (rnax) 
na 
10 ns 
16 ns 


Input timing 
TIS(min) 
3 ns 
6 ns 
6 ns 


TIH (min) 
5 
1.5 
5 


During a write cycle: 


• 
An 80960CF 
outputs 
data' within 
a 13 ns window 
- 
between 
3 and 
16 ns after 
the 
corresponding 
clock edge. 


• 
For a 5V I/O system, 
an 80960 Hx outputs data within a 11.5 ns window 
- 
between 
1.5 
and 13 ns. 


• 
For a 3.3V I/O system, an 80960 Hx outputs data within an 8.5 ns window - 
between 
1.5 


and 10 ns. 
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The combination of these specifications leads to a 14.5 ns window - 
between 1.5 and 16 ns. 


Minimum output hold (TOH) analysis must be performed using 1.5 ns. This is the worst case 
time. Maximum output delay (TOV) analysis must be performed using 16 ns, worst case. 
Similar "widening" of specifications also occur on input timings. 


PINOUT 


The following table highlights the differences between the Hx and Cx processors. Differences 
are indicated with a heavier line around the table cell. Table 4 shows the pin differences 
between the Cx and Hx. 
The "comments" section describes recommended usage in an 


80960Hx-ready system. 
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PGA 
Hx 
Cx 
PGA 
Hx 
Cx 
PGA 
Hx. 
Cx 
PGA 
Hx 
Cx 


Pin 
Signal 
Signal 
Pin 
Signal 
Signal- 
Pin 
Signal 
Signal 
Pin 
Signal 
Signal 


Name 
Name 
Name 
Name 
Name 
Name 
Name 
Name 


A1 
VSS 
NC 
C9 
VSS 
VSS 
J1S 
VSS 
VSS 
Q10 
VSS 
VSS 


A2 
FAIL# 
FAIL# 
C10 
VSS 
VSS 
J16 
\,tCC 
VCC 
Q11 
VSS 
VSS 


A3 
OPO 
NC 
C11 
VSS 
VSS 
J17 
A10 
Al0 
Q12 
SUP# 
SUP# 


A4 
OP2 
NC 
C12 
VSS 
VSS 
K1 
013 
"013 
Q13 
A30 
A30 


AS 
VOLDET 
NC 
C13 
CLKIN 
CLKIN 
K2 
\lcc 
VCC 
Q14 
A28 
A28 


A6 
TRST# 
OREQ1# 
C14 
VCC 
CLKMOOE 
K3 
VSS 
VSS 
Q1S 
A24 
A24 


A7 
TOI 
OREQ3# 
C1·S 
XINT4# 
XINT4# 
K1S 
VSS 
VSS 
Q16 
A21 
A21 


A8 
TOO 
OACK1# 
C16 
XINT6# 
XINT6# 
K16 
VCC 
VCC 
Q17 
A18 
A18 


A9 
NC 
OACK2# 
C17 
XINT7# 
XINT7# 
_K17 
All 
All 
R1 
024 
024 


A10 
NC 
OACK3# 
01 
05 
05 
L1 
015 
015 
R2 
027 
027 


A11 
CTO 
EOPfTCO# 
02 
02 
02 
L2 
014 
014 
R3 
031 
031 


A12 
CTl 
EOPfTC1# 
03 
NC 
NC 
L3 
VSS 
VSS 
R4 
BTERM# 
BTERM# 


A13 
CT2 
EOPfTC2# 
01S 
NMI# 
NMI# 
L1S 
VSS 
VSS 
RS 
HOLD 
HOLD 


A14 
CT3 
EOPfTC3# 
016 
A2 
A2 
L16 
A13 
A13 
R6 
AOS# 
AOS# 


A1S 
XINT1# 
XINT1# 
017 
A3 
A3 
L17 
A12 
A12 
R7 
VCC 
VCC 


A16 
RESET# 
RESET# 
E1 
07 
07 
M1 
016 
016 
R8 
VCC 
VCC 


A17 
XINT2# 
XINT2# 
E2 
04 
04 
M2 
VCC 
VCC 
R9 
BEO# 
BEO# 


B1 
BOFF# 
BOFF# 
E3 
00 
00 
M3 
VSS 
VSS 
R10 
VCC 
VCC 


B2 
STEST 
STEST 
E1S 
VCC 
VCC 
M1S 
VSS 
VSS 
R11 
VCC 
VCC 


B3 
OPl 
NC 
E16 
A4 
A4 
M16 
VCC 
VCC 
R12 
BSTALL 
OMA# 


B4 
OP3 
NC 
E17 
A5 
A5 
M17 
A14 
A14 
R13 
BREQ 
BREQ 


BS 
TCK 
OREOO# 
F1 
08 
08 
N1 
017 
017 
R14 
A29 
A29 


B6 
TMS 
OREQ2# 
F2 
06 
06 
N2 
018 
018 
R1S 
A26 
A26 


B7 
VCC 
VCC 
F3 
VCC 
VCC 
N3 
VCC 
VCC 
R16 
A23 
A23 


B8 
PCHK# 
OACKO# 
F1S 
VSS 
VSS 
N1S 
VCC 
VCC 
R17 
A22 
A22 


B9 
VCC 
VCC 
F16 
VCC 
VCC 
N16 
A16 
A16 
S1 
025 
025 


B10 
VCCPLL 
VCCPLL 
F17 
A6 
A6 
N17 
A15 
A15 
" S2 
029 
029 


B11 
VCC 
VCC 
G1 
09 
09 
P1 
019 
019 
S3 
REAOY# 
REAOY# 


B12 
VCC 
VCC 
G2 
VCC 
VCC 
P2 
020 
020 
S4 
HOLOA 
HOLOA 


B13 
NC 
PCLK2 
G3 
VSS" 
VSS 
P3 
022 
022 
SS 
BE3# 
BE3# 


B14 
NC 
PCLKl 
G1S 
VSS 
VSS 
P1"S 
A20 
A20 
S6 
BE2# 
BE2# 


B1S 
XINTO# 
XINTO# 
G16 
A7 
A7 
P16 
A19 
A19 
S7 
BE1# 
BE1# 


B16 
XINT3# 
XINT3# 
G17 
A8 
A8 
P17 
A17 
A17 
S8 
BLAST# 
BLAST# 


B17 
XINT5# 
XINT5# 
H1 
011 
011 
Q1 
021 
021 
S9 
OEN# 
OEN# 


Cl 
03 
03 
H2 
010 
010 
Q2 
023 
023 
S10 
W/R# 
W/R# 


C2 
01 
01 
H3 
VSS 
VSS 
Q3 
026 
026 
S11 
OT/R# 
OT/R# 


C3 
ONCE# 
ONCE# 
H1S 
VSS 
VSS 
Q4 
028 
028 
S12 
WAIT# 
WAIT# 


C4 
VSS 
NC 
H16" 
VCC 
VCC 
QS 
030 
030 
S13 
O/C# 
O/C# 


CS 
VCC5 
NC 
H17 
A9 
A9 
Q6 
VCC 
VCC 
S14 
LOCK# 
" 
LOCK# 


C6 
VCC 
VCC 
J1 
012 
012 
Q7 
VSS 
VSS 
S1S 
A31 
A31 


C7 
VSS 
VSS 
J2 
VCC 
VCC 
Q8 
VSS 
VSS 
S16 
A27 
A27 


C8 
VSS 
VSS 
J3 
VSS 
VSS 
Q9 
VSS 
VSS 
S17 
A25 
A25 


Table 4. 80960Cxl80960Hx 
Pin Differences 
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- CA/CF. 
VSS - Hx 


A6 
DREQ1# 
TRST# 
,When active (Iow), causes TAP controller 
(IEEE 1149.1) to go to 
TesCLoglc_Reset 
state. This pin should be connected 
to RESET# 


~ 
through. a 10KO resisltor. 


A7 
DREQ3# 
TOI 
OK to pull-up or drive. If It Is driven low, be sure DMA Is disabled. 
If 
JTAG is used with a Cx in the system, this signal should be connected 
to TDI of next device in the chain, via a jumper. 


A8 
DACK1# 
TOO 
For Cx, this pin will always be high when DMA IS'not In use. 
Because 
this pin is an output, use a jumper or external logic to disconnect 
this pin 


when using the Cx. 


A9 
DACK2# 
NC 
No connection 


A10 
DACK3# 
NC 
No connection 


A11- 
EOPfTC#3:0 
CT3:0 
Use pull-ups. 
An output of 1111 Indicates a Cx processor 
is In the 


A14 
system. 
Indicates the cycle type If ADS# is active. Indicates when the 


processor 
is halted If ADS# Is not active. 


B3 
NC 
DP1 
Should be pulled up with a resistor. In a system with parity, connect to 
the parity bit which corresponds 
to D15:8. 


B4 
NC 
DP3 
Should be pulled up with a resistor. In a system with parity, connect to 
the parity bit which corresponds 
to D31 :28. 


B5 
DREQO# 
TCK 
Connect to Test Clock of 1149.1 Interface. This pin should be pulled 
high when not In use. 


B6 
DREQ2# 
TMS 
Connect to Test Mode. Select of 1149.1 Interface. This. pin should be 
pulled high when not In use. 


B8 
DACKO# 
PCHK# 
Connect 
to external parity error reco.very/reportiog 
logic. Cx will not 


generate 
or check parity. 


B13 
PCLK2 
NC 
OK to drive Hx with CLKIN for compatibility. 
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DESIGN 
GUIDELINE 
SUMMARY 


A system 
can be designed 
which accepts 
either a Hx or Cx processor. 
The following 
items 
summarize 
the guidelines 
discussed 
in this paper: 
. 


• 
Don't use the DMA controller 
on the Cx processor 


• 
Isolate Vcc for the CPU. Hx = 3.3V; Cx = 5V 


• 
Provide 5V reference 
voltage for Hx (VCC5) 


• 
Use CLKIN for system timing 


• 
Combine 
AC specifications 
for timing analysis 


• 
Accommodate 
new BE3:0# encodings 


• 
Use pull-up resistors on parity signals 


• 
Connect 
additional 
Vss signals 


• 
I( using JT AG boundary scan, bypass Cx in the JTAG chain 
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. REVISION 
HISTORY 


Ch 
f 
R 
001 
R 
002' 
1 d 
anzes rom 
ev 
to 
ev 
me u e: 
Section 
Description 
~ 


ACTIMING 
Two paragraphs 
added after the first: 


The Hx specifications 
include two values for Tov (output valid delay) corresponding 
to 5\ 
and 3.3V 
memory 
systems. 
The 
Hx operates 
fastest 
in a 3.3V memory 
system, 
OnE 
which 
drives 
nominally 
3.3V as a logic "1". 
The processor 
requires 
additional 
time te 
discharge 
a 5V "1" data signal down to a valid "0" logic level. 


The worst-case 
sequence 
for AC timings 
i~ reading a "1" (high), then immediately 
writin~ 
a "0" (Iow). 
During the write, the processor 
must discharge 
the capacitive 
data bus belov 
1.5V to produce 
a valid low. 
It takes a few nanoseconds 
longer to discharge 
a 5V charqs 
han a 3.3V charge. 


INPUT/OUTPUT 
The second bulleted item in this section changed. 
TIMING 
WAS: 
• 
A Hx outputs data within a 7 ns window - 
between 
1.5 and 8.5 ns. 


IS: 
• 
For a 5V I/O system, an 80960 Hx outputs data within a 11.5 ns window - 
between 
1.5 and 13 ns. 
• 
For a 3.3V I/O system, an 80960 Hx outputs data within an 8.5 ns window - 
between 
1.5 and 10 ns. 


INPUT/OUTPUT 
Numbers 
changed 
in the table that compares 
Input/Output 
timing of the Hx and Cx. 


TIMING 
Output Timing TOV (max) for the Hx (3.3V) changed 
from 8.Sns to 10ns. 


Output Time TOV (max) for the Hx (Sv.) was added (13ns). 


Input timing for TIS(min) for the Hx changed 
from 5ns to 6ns. 


Input timing for TIS(min) for the "Combined" 
changed 
from 5ns to 6ns. 


Table 4. 
Pin definition 
for A6, last sentence, 
changed. 


80960Cxl80960Hx 
WAS: This pin should be pulled high when not in use. 
Pin Differences 
IS: This pin should be connected.to 
RESET# through a 10Kn 
resisitor. 
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1.0 
INTRODUCTION 


This application 
note describes 
a DRAM controller 
for use 
with 
the 
i960® CNCF 
33 MHz 
microprocessors. 
Other 
application 
notes 
are 
available 
which 
describe 
DRAM 
controllers 
for the i960 CF and Jx processors; 
see Section 
7.0, RELATED 
INFORMATION 
for ordering information. 


This DRAM controller's 
design features include: 


Interleaved 
design 


Can use standard 70 ns DRAM SIMM 


3-0-0-0/2-0-0-0 
back-to-backlidle 
bus wait state burst 
reads at speeds up to 33 MHz 


3-1-1-1/2-1-1-1 
back-to-back/idle 
bus wait state burst 
writes at speeds up to ~3 MHz 


No delay lines 


This 
application 
note 
contains 
some 
general 
DRAM 
controller 
theory 
as well 
as this 
design's 
state 
machine 
definitions 
and timing 
diagrams. 
It also contains 
the PLD 
equations 
which were used to build and test the prototype 
design. 
Timing 
analysis 
was 
verified 
with 
Timing 
Designer*. 
PLD equations 
were created 
in ABEL * as a 
device-independent 
design. 
Schematics 
were 
developed 
with OrCAD*. 
The timing 
analysis, 
schematics 
and PLD 
files are available 
through 
Intel's 
America's 
Application 
SUppOIl BBS, at (916) 356-3600. 


2.0 
OVERVIEW 


This 
section 
provides 
an 
overview 
of 
DRAM 
SIMM 
operation 
and the concept 
of memory 
interleaving. 
It also 
describes 
the i960 Cx microprocessor's 
burst capabilities. 


2.1 
Page Mode DRAM SIMM Review 


Page 
mode 
DRAM 
allows 
faster 
memory 
access 
by 
keeping 
the 
same 
row 
address 
while 
selecting 
random 
column addresses 
within that row. A new column address is 
selected by deasserting 
CAS while keeping 
RAS active and 
then asserting 
CAS with the new column 
address 
valid to 
the DRAM. 
Page mode 
operation 
works 
very well 
with 
burst buses, such as those in the i960 CNCF processors, 
in 
which a single address 
cycle can be followed 
by multiple 
data cycles. 


All WE pins on each SIMM are tied to a common WE line; 
this feature 
requires 
the use, of early 
write cycles. 
In an 
early write cycle, write data is referenced 
to the falling edge 
of CAS, not the falling edge of WE. 
I 
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Each 
SIMM 
also has four CAS lines, one for every eight 


(nine) 
bits in a 32-bit 
(36-bit) 
SIMM 
module. 
The 
four 


CAS 
lines control 
the writing 
to individual 
bytes 
within 
each SIMM. 


2.2 
Bank Interleaving 


Interleaving 
significantly 
improves 
memory 
system 
performance 
by 
overlapping 
accesses 
to 
consecutive 


addresses. 
Two-way 
interleaving 
is 
accomplished 
by 


dividing 
the memory 
into two 32-bit banks (also referred 
to 


as "leaves"): 


one bank for even word addresses 
(A2=0) 


one bank for odd word addresses 
(A2= I) 


The two banks are read in parallel and the data from the two 
banks 
is muitiplexed 
onto the processor's 
data bus. This 


overlaps the wait states of: 


the second access with the first 


the third access with the second 


the fourth access with the third 


Figure I shows DRAM with a 2-1-1-1 quad word burst read 
wait state profile 
being 
interleaved 
to generate 
a 2-0-0-0 
wait state system. 


ClK [ 


Even [ 
A 
W 
W 
0 
W 
, 0 
, 


Bank 


Odd i 
Bank 
'- 


A "W 
W 
W'O 
'W 
0 


CPU 
[ 
: A ' W 'W 
' 0 ' 0 
' 0 
'0 
' 


A = Address 
W = Wait 
D = Data 


Figure 
1. Two-Way 
Interleaving 


2.3 
Burst Capabilities for 32-Bit Bus 


A bus access starts by asserting 
ADS in the address 
cycle, 


and ends 'by asserting 
BLAST 
in the last data cycle. Figure 
2 shows ADS and BLAST timings for a quad-word 
access. 
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, 
Ta 
,TdO' 
Td1 
' 
Td2 
' Td3': 


r 


1X_CLK L , 
, 
, 
ADS[U 


BLAST[' 
'\.J 


031:0 [ ....• 
'--L.-/ 


Figure 2. Quad-Word Access Example Showing 
ADS and BLAST Timings 


The i960 ex processor's 
burst protocol requires: 


Quad-word 
and 
triple-word 
requests 
always 
start 
on 
quad word boundaries 
(A3 = 0, A2 = 0). 


Double-word 
requests 
always 
start 
on 
double 
word 
boundaries 
(A3 = X, A2 = 0). 


inial· 


Single-word 
requests 
can start on any word boundary 


(A3 = X, A2 = X). 


Any request 
starting 
on an odd word boundary 
never 


bursts (A3 = X, A2 = I). 


3.0 
BASIC DRAM CONTROLLER 


The 
DRAM 
controller 
comprises 
four 
distinct 
blocks: 


control 
logic, 
address 
path, 
data 
path, 
and 
the 
DRAM 
SIMMS. 
This section describes 
each block. 


3.1 
ControlLogic 


The DRAM 
controller 
is centered 
around 
a four-bit 
state 


machine 
which controls 
DRAM bank accesses 
and DRAM 
refresh. All timings are generated 
based on the four-bit state 
machine's 
outputs. 
Some states are used for both read and 
write accesses. 
The state machine uses the WJ~'signal from 
the processor 
to distinguish 
between 
reads and writes. This 
technique 
allows 
the 
state 
machine 
to use 
fewer 
states; 


therefore, 
fewer output bits. 


- 
, 
t. 
.l 
, 


A24:4 
MUX 
1 
OA10,1 


A3E 
ADDR 
OAOE 
, 


"" 
MUX 


~ 


, 
\ 


I 


74F257 
, 
\ 
I 
.. 
\ 


A31:2 
A31,2 
RASO 
RAS3,0 
Odd 
RAS3,0 
Even 


BE3,0 
BE3,0 
CASOB3,0 
CAS3,O 
Bank 
CAS3:O 
Bank 
-. 


WRO 
DRAM 
WE 
DRAM 


\ 
Control 
WE 
OQ31:0 
OQ3"0 


~ 


ADS 


i960<l!)CAlCF 
BLAST 
RASE 
'-- wiR 


, 


Processor 
CASEB3,0 
4 
•• 


WRE 
.. 


031,0 
SELA/SELB 
2/ 


ROEN 
Et 


3~ 


~ 


B 
A 
3~ 
~ 
RESET 
~ 
RESET 


OSC 
~ 
CLKIN 
PClK 
~ 
re 2X 
ClK 
REAOYil 
L-- 


EN 


• ~-ClK 
NB 
- 
EN 
EN 
74F244 
74F257 
74F244 


Sv.lam 
RESET 
.. 


~ 
'J 
GEN 


Figure 3. DRAM Controller Block Diagram 
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3.1.1 
Refresh Logic (CAS-before-RAS) 


Typically 
DRAM 
needs to be refreshed 
every 
15.6I1S. In 
this design, due to power requirements 
needed to refresh an 


entire 
DRAM 
array, one bank is refreshed 
at a time. The 
DRAM 
controller 
uses 
an eight-bit 
counter 
to generate 
refresh 
requests. 
A 
refresh 
request 
is 
generated 
every 
7.8I1S. The DRAM 
controller 
toggles 
between 
refreshing 
each 
bank 
every 
7.8 
I1S which 
means 
each 
'bank 
is 
effectively 
refreshed 
every 15.6I1S. 


A refresh 
request 
has priority 
over 
a processor 
request. 


When 
a processor 
and 
a refresh 
request 
occur 
simulta- 


neously, 
the DRAM 
controller 
sequences 
a refresh 
to the 
appropriate 
DRAM 
bank 
while 
the 
PENDING 
state 


machine posts the processor 
request. 
The pending request is 


then serviced 
after the refresh is completed. 


An eight-bit 
synchronous 
down counter 
is used to generate 
refresh 
requests. 
The counter 
is clocked 
using 
IX_CLK 


clock. 
REFREQ 
is asserted 
each time the counter 
reaches 
zero. Counting 
is inhibited 
when the counter 
reaches 
zero. 


The counter 
is reloaded 
with Oxff and counting 
resumes 
after 
the 
ACCESS 
state 
machine 
services 
the 
refresh .. 


During reset, the counter is loaded with Oxff. 


3.1.2 
Clock Generation 


In the tested design, Motorola* 
MC88915 
low skew CMOS 


PLL generates 
the clock signals 
for the DRAM 
controller. 


The MC88915 
uses PCLK2 as an input, and produces 
four 
very low skew copies of PCLK2, 
as well as a 2x PCLK. At 
33 MHz, the maximum 
skew between 
PCLK2 
and any of 


the MC8891S 
outputs was calculated 
to be ±I ns, while the 


skew 
between 
any of the 
individual 
outputs 
is ±7S0 ps 
under 
equal 
loading 
conditions. 
All 
clock 
lines 
are 
terminated 
with 22 ohm series resistors. 


3.1.3 
Wait State Profile 


The DRAM Controller 
uses the processor's 
READY signal 


to control 
wait states. The MCON 
register 
is initialized 
as 
follows: 
(NXAD = NXDD = NXDA = 0). Table 
I, Wait State 
Profiles 
(33 MHz), provides 
the wait state profiles 
for read 


and write accesses 
up to 33 MHz. 
Back-to-back 
accesses 
require 
an extra 
wait state to meet 
RAS precharge 
time. 
Therefore, 
to meet the RAS precharge 
time required, 
the 
first data access uses three wait state cycles as opposed 'to 
two wait state cycles for idle bus DRAM accesses. 
I 
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Table 
1. Wait State 
Profiles 
(33 MHz) 


Wait State 
Profile 


Access 
Type 
Back-Ta-Back 
Idle Bus 


Quad Word Read 
3-0-0-0 
2-0·0,-0 


Triple Word Read 
3-0-0 
2-0-0 


Double Word Read 
3-0 
2-0 


Single Word Read 
3 
2- 


Quad Word Write 
3-1-1-1 
2-1-1-1 


Triple Word Write 
3-1-1 
2-1-1 


Double Word Write 
3-1 
2-1 


Single Word Write 
3 
2 


3.2 
Address 
Path 


Figure 4 is a block diagram 
of the address 
path logic. The 
2-to-1 multiplexers 
combine 
the row and column 
addresses 


into 
a 
singular 
row/column 
address 
that 
the 
DRAM 


requires. 
DAOE 
and 
DAOO 
equivalent 
signals 
are 
generated, 
one 
for 
each 
bank. 
DAOE 
and 
DAOO 
are 
generated 
by using A3E and A30 
respectively. 
DAOE and 
DAOO are the 
only 
address 
bits 
that 
increment 
during 


bursts. The timing of these signals 
during bursts is critical 
for proper operation. 


A20:12, 
A22, A24 
~--~ 


A24:4 
-.,..-----~ 
B Inputs 


DAOE 


DAOO 


DA10:1 
A11:4, 
A21, A23 
A Inputs 


Select 
A3E 


A30 


MUX 
3 x 74F257 


Multiplexers 


NOTE: Thicker 
lines indicate 
a bus. 


Figure 
4. Address 
Path Logic 


3.3 
Data Path 


As shown in Figure 
5, Data Path Logic, 
there is one data 


path for reads and a separate 
data path for writes. The read 


path uses 74F2S7 
2: I multiplexers 
to prevent 
contention 


between 
the two DRAM banks. CAS can be active for both 
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banks 
at the 
same 
time, 
necessitating 
use of the multi- 


·plexers. 
The multiplexer 
outputs 
are enabled 
only during 
reads by the RDEN 
signal. The multiplexers 
are switched 
using SELA and SELB. These signals are derived 
from the 


states of the ACCESS 
state machine and address A2. 


The write data path consists 
of eight 8-bit 74F244 
buffers, 
four for each bank. The buffer outputs are enabled by WRE 
andWRO. 


III'- ••••• 
~Even 


4 x 74F244 
Buffers 


RDEN 


SELAI 
SELB 
D31:0.~"""'" 


---1-"OE 
---I--~S 
A 


8 x 74F257 
Multiplexers 


1I1 
•••••••._~Odd 


4x 
74F244 
Buffers 


Figure 5. Data Path Logic 


3.4 
SIMM 


The SIMM 
block 
consists 
of two standard 
72-pin 
SIMM 


sockets, 
arranged 
as two banks: 
odd and even. 
The x36 
SIMM parity bits are not used in this design. However, 
x36 
SIMMs 
are 
standard 
for PCs 
and 
workstations 
and 
are 
readily 
available. 
The only penalty 
is more loading 
on the 
address and control lines due to the extra DRAM devices of 
x36 SIMM. 
In the tested 
design, 
all address 
and control 
lines to the SIMMs are terminated 
with 22 ohm resistors. 
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4.0 
STATE MACHINES AND SIGNALS 


This section 
describes 
the state machines 
and signals 
used 
in this design. Most of the state machines 
are simple and the 
PLD equations 
can be referenced 
in APPENDIX 
A. The 
ACCESS 
state machine 
is the most complex 
of all the state 
machines; 
for that reason, 
this 
application 
note 
provides 
more detail on the operations 
of this state machine. 
In this 


design, some state machines 
are clocked 
with the IX_CLK 
clock (bus clock frequency) 
and others 
with the 2X_CLK 
clock (twice the bus clock frequency). 


All PLD equations 
are written 
in ABEL. 
APPENDIX 
A, 


PLD EQUATIONS 
contains 
a listing of the PLD equation 
file. 
State 
machine 
transitions 
described 
here 
follow 
the 
ABELconventions 
for logic operators: 


represents 
NOT, bit-wise negation 


& 
represents 
AND 


# 
represents 
OR 


To follow ABEL conventions, 
active LOW signals (such as 
ADS) already have a polarity 
assigned. 
For example, 
in the 
state machines, 
ADS refers to the asserted 
state (LOW) and 
!ADS refers to the non-asserted 
state (HIGH). 


4.1 
ACCESS State Machine 


The 
ACCESS 
state 
machine, 
the "heart" 
of the 
DRAM 
controller, 
is implemented 
as a four-bit 
state machine. 
See 
Figure 
6, Basic ACCESS 
Stale Machine. 
It is responsible 
for sequencing 
accesses and refreshes 
to the DRAM banks. 


From the IDLE state, the access state machine 
is sequenced 
based on these three events: 


Refresh requests 
from the counter 


DRAM requests 
from the processor 


PENDING 
state machine requests 


Figure 6. 
Basic ACCESS 
State Machine 
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4.2 
PENDING State Machine 


The PENDING 
state machine 
is a one-bit 
state machine 


which monitors 
DRAM requests from the processor. 
This is 


necessary 
because 
a DRAM. refresh 
has priority 
over 
a 


processor 
request. 
Therefore, 
this state machine 
is used to 


post 
the processor 
request. 
The 
state machine 
gets reset 


once 
the 
ACCESS 
state 
machine 
starts 
sequencing 
the 


pending 
request. The state machine generates ACC_PEND. 


4.3 
ODDACCESS State Machine 


The 
ODDACCESS 
state 
machine 
is clocked 
using 
the 


IX_CLK 
clock. 
It 
is 
a 
one-bit 
state 
machine 
which 


monitors 
the initial 
state 
of the processor's 
address 
A2. 
Several 
state machines 
in this design use the output of this 


state 
machine 
as inputs. 
Address 
A2 from the processor 


indicates 
whether 
an access starts on an even or odd word 


boundary. 
The ACCESS 
state machine 
uses this bit exten- 


sively. 
It is important 
to latch 
address 
A2 
because 
the 


processor 
toggles 
address 
A2 on burst accesses. 
This state 


machine 
generates LA2. 


4.4 
BANKSELA State Machine 


The BANKSELA 
state machine 
is a one-bit 
state machine 
which is used to control 
the data multiplexer, 
primarily 
to 


select between 
even or odd data during read accesses. 
This 


state 
machine 
is 
clocked 
using 
the 
IX_CLK 
clock. 
It 


generates 
SELA. 


4.5 
BANKSELB State Machine 


BANKSELB 
is a one-bit 
state machine 
which controls 
the 
data multiplexer, 
primarily 
to select between' even or odd 


data during 
read accesses. 
This state machine 
is clocked 


using the IX_CLK 
clock. It generates 
SELB. 


4.6 
AI;>DRMUXState Machine 


The ADDRMUX 
state machine 
is a one-bit 
state machine 
which 
is 
used 
to 
control 
the 
address 
multiplexers, 


essentially 
to select between 
row or column addresses. 
It is 


clocked 
using 
the 
2X_CLK 
clock. 
This 
state 
machine 


generates 
MUX. This signal is a delayed version of RASE. 
Delaying 
the switching 
of the row address by one 2X_CLK 


clock cycle provides 
ample row address 
hold time (tRAH) 


required 
by the DRAM. 
The row address 
is selected 
while 


MUX is high; otherwise, 
the column address is selected. 
I 
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4.7 
A3EVEN State Machine 


The 
A3EVEN 
state 
machine 
is a one-bit 
state 
machine 


which is toggled 
on burst accesses 
to select the next data 


word 
(next 
column 
data). 
The 
state 
machine 
is initially 


loaded 
with the value of the processor's 
address 
A3 and' 


then toggled 
for the next data access. This state machine 
is 
clocked using the 2X_CLK 
clock, and generates 
A3E. This 


signal is an input to the address multiplexer. 


4.8 
A30DD State Machine 


The A30DD 
state machine 
is a one-bit 
state machine 
and 


has the same functionality 
as the A3EVEN 
state machine. 


This state machine generates 
A30. 


4.9 
RFEVENBK State Machine 


The RFEVENBK 
state machine 
is a one-bit 
state machine 


which is used to indicate 
which of the .two banks 
(even or 


odd) to refresh. The two banks are refreshed 
separately. 
The 


even 
bank 
is 
refreshed 
when 
the 
RFEVENBK 
state 


machine is active; otherwise. 
the odd bank is refreshed. 
The 


output 
of this state machine 
is toggled 
on every 
refresh. 


This state machine generates 
REFEVEN. 


4.10 
CASPIPE State Machine 


The 
CAS PIPE 
state 
machine 
is a one-bit 
state' machine 


which 
generates 
a pipelined 
CAS 
signal 
one 
2X_CLK 


clock cycle earlier. The output of this state machine 
is then 
fed to the CASE_B3:0 
state machines 
where 
it is recon- 


structed 
to drive the CAS lines of the even bank. This state 


machine generates 
CASEE. 


4.11 
CASPIPO State Machine 


CASPIPO 
is a one-bit 
state 
machine 
which 
generates 
a 


pipelined 
CAS signal one 2X_CLK 
clock cycle earlier. 
Its 


output is then fed to the CASO_B3:0 
state machines 
where 


it is reconstructed 
to drive the CAS lines of the odd bank. 


This state machine generates 
CASOO. 


4.12 
CASE_B3:0 State.Machines 


The CASE_B3:0 
state machines 
control 
the CAS pins of 


the even bank. CASE_BO controls the least significant 
byte 


and 
CASE_B3 
controls 
the 
most 
significant 
byte. 
The 


CASE_BO 
state 
machine 
generates 
CASEBO. 
and 
the 


CASE_B3 
state machine 
generates 
CASEB3. 
CASEBO 
is 
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asserted 
when CASEE 
and the processor's 
BEO signal are 
asserted. 
CASEB3 
is 
asserted 
when 
CASEE 
and 
the 
processor's 
BE3 signal are asserted. 
The CASE_B3:0 
state 
machines 
are clocked using the 2X_CLK 
clock. 


4.13 
CASO_B3:0 State Machines 


The CASO_B3:0 
state machines 
control 
the CAS pins of 
the odd bank. CASO_BO 
controls 
the least significant 
byte 
and 
CASO_B3 
controls 
the 
most 
significant 
byte. 
The 
CASO_BO 
state 
machine 
generates 
CASOBO, 
and 
the 
CASO_B3 
state machine 
generates 
CASOB3. 
CASOBO is 
asserted 
when ~ 
and the processor's 
BEQ signal are 
asserted. 
CASOB3 
is 
asserted 
when 
CASOO 
and 
the 
processor's 
BID signal are asserted. 
The CASO_B3:0 
state 
machines 
are clocked using the 2X_CLK 
clock. 


.4.14 
RASEVEN State Machine 


RASEVEN 
is a one-bit 
state 
machine 
which 
is used 
to 
generate 
the ~ 
signals 
for the even bank. It is clocked 
using the 2X_CLK 
clock; it generates 
RASE. 


4.15 
RASODD State Machine 


RASODD 
is a one-bit 
state 
machine 
which 
is used 
to 
generate 
the RAS signals 
for the odd bank. 
It is clocked 
using the .2X_CLK clock; it generates RAID. 


4.16 
SRASE State Machine 


SRASE is a one-bit 
state machine 
which is used to monitor 
back-to-back 
DRAM 
accesses. 
It is generated 
by shifting 
RASE 
by one 
IX_CLK 
clock 
cycle. 
This 
state 
machine 
generates 
~. 
By using this signal's 
state, the DRAM 
controller 
can eliminate 
one wait state cycle for accessing 
the first data word. Back-to-back 
accesses 
require 
an extra 
wait state cycle to satisfy the RAS precharge 
time (tRP)' 


4.17 
RDEN Signal 


RDEN 
is asserted 
while 
a D.RAM read is in progress. 
It 
controls the data multiplexers 
output enables. 


4.18 
WRE Signal 


WRE 
is asserted 
while 
a DRAM 
write is in progress. 
It 
controls 
the even leaf WE lines to perform 
early writes. 
It 
also controls the even data path buffers output enables. 
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4.19 
WRO Signal 


WRO 
is asserted 
while a DRAM 
write 
is in progress. 
It 
controls 
the odd leaf WE lines to perform 
early 
writes. 
It 
also controls the odd data path buffers output enables. 


4.20 
REFREQ Signal 


REFREQ, 
an active low signal, is the output of an eight-bit 
counter. 
The counter 
is clocked 
using 
IX_CLK. 
REFREQ 
is asserted 
when the counter 
reaches 
zero. 
The ACCESS 
state machine uses REFREQ 
to sequence 
refreshes. 


5.0 
DRAM CONTROLLER ACCESS FLOW 


This section 
explains 
how the ACCESS 
state machine 
is 
sequenced 
while reading, 
writing, 
and refreshing 
DRAM. 


Examples 
used are: 


quad-word 
read 


single-word 
read 


quad-word 
write 


single-word 
write 


refresh 


The examples 
in this application 
note assume back-to-back 
DRAM accesses or pending accesses. 
For example, 
the first 
data access 
of a DRAM 
request 
uses three wait states for 
both reads and writes. For idle bus accesses, 
the ACCESSO 
state is skipped, 
allowing only two wait states. 


Refer to APPENDIX 
A, PLD EQUATIONS. 
The ACCESS 
state machine uses ~ 
to detect back-to-back 
accesses. 


ROm 
is asserted 
during 
read 
accesses 
while 
~ 
and 
WRO are asserted during write accesses. 


5.1 
Quad-Word Read 


Figure 7 shows the state diagram for a quad-word 
read state 
diagram. 
Figure 8 shows a quad-word 
read timing diagram. 


This state diagram 
shows the paths for triple-, 
double-, 
and 
single-word 
reads. Single-word 
reads which are aligned 
on 
odd 
word 
boundaries 
use 
a different 
path; 
therefore, 
a 
separate example is used to explain that state machine 
path. 
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A = 
ADS 
&. 
!REFREQ 
&. 
!ACe_PEND 
&. 
DRAMADDR 
&. 
SRASE 
* 
!REFREQ 
& ACC_PEND 


B = 
ADS 
&. 
!REFREQ 
&. 
!ACe_PEND 
&. 
DRAMADDR 


&. 
!SRASE 
&. 
!A2 


C 
= 
LA2 


D = 
UNCONpITIONAL 


E 
= 
UNCONDITIONAL 


F = 
!BLAST 


G = 
BLAST 
& LA2 
H = 
!BLAST 


I = 
W_R 
& BLAST 
J = 
!BLAST 


K = 
BLAST 


L = 
UNCONDITIONAL 


Figure 7. Quad-Word 
Read State Diagram 


From 
the IDLE 
state. 
the machine 
enters 
the ACCESSO 


state 
due to a processor 
request 
or a pending 
processor 
request. 
At the end of the .IDLE state. the A3EVEN 
and 
A30DD 
state 
machines 
are loaded 
with the processor's 
address 
A3 and the ODDACCESS 
state machine 
is loaded 
with the processor's 
address 
A2. While in the IDLE state 
MUX is deasserted, 
which selects the row address. 
' 


At the end of the ACCESSO 
state, RASE and RASO 
are 
asserted. The machine 
then proceeds 
to ACCESS I state. 


In the middle of the ACCESS I state, MUX is asserted. 
This 
causes 
the column 
address 
to be selected. 
At the end of 
ACCESS!, 
CASEE 
is 
asserted. 
From 
ACCESS!. 
the 
machine enters ACCESS2 
state. 


In the 
middle 
of 
the 
ACCESS2 
state, 
CASEB3:0 
are 
asserted 
if CASEE 
and the respective 
byte enable 
signals 
l 
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from the processor 
are asserted. 
At the end of ACCESS2. 


CASOO is asserted or BLAST is not asserted. 
The machine 
then proceeds 
to the ACCESS3 
state. 


The ACCESS3 
state is the first data cycle (TdO) 
for read 
requests 
which 
are 
aligned 
on 
even 
word 
boundaries 
(A2=O). In the middle 
of the ACCESS3 
state, CASOB3:0 
are 
asserted 
if CASOO 
and 
the 
respective 
byte 
enable 
signals from the processor 
are asserted, 
whereas 
CASEE 
is 
deasserted. 
At 
the 
end 
of 
ACCESS3. 
CASEB3:0 
are 
deasserted 
if they 
were 
earlier 
asserted. 
CASEB3:0 
are 
deasserted 
because 
CASEE 
is sampled 
deasserted. 
CASEE 
is reasserted 
at the end of ACCESS3 
to initiate 
the third 
data (Td2) access. The pending state machine 
is reset before 
leaving 
this 
state. 
From 
ACCESS3. 
the 
machine 
can 
proceed 
to either the IDLE state or the ACCESS4 
state. If 
BLAST 
is asserted, 
the 
machine 
proceeds 
to the 
IDLE 
state; otherwise, 
it proceeds 
to the ACCESS4 
state. 


The ACCESS4 
state is the second data cycle (Td1) for read 
accesses. 
In 
the 
middle 
of 
ACCESS4, 
CASOO 
is 
deasserted. 
At 
the 
end 
of 
ACCESS4, 
CASOB3:0 
are 
deasserted 
if they 
were 
earlier 
asserted. 
CASOB3:0 
are 
deasserted 
because 
CASOO 
is 
sampled 
deasserted. 


CASOO is reasserted 
at the end of ACCESS4 
to initiate the 
fourth data (T d3) access. From ACC~SS4. 
the machine 
can 
proceed 
to either the IDLE state or the ACCESS5 
state. If 
BLAST 
is asserted. 
the 
machine 
proceeds 
to the 
IDLE 
state; otherwise, 
to the ACCESS5 
state. 


The ACCESS5 
state is the third data cycle (Td2) for read 
accesses. 
In 
the 
middle 
of 
ACCESS5. 
CASOB3:0 
are 
asserted 
when 
CASOO 
and 
the 
respective 
byte 
enable 
signals 
from the processor 
are sampled 
asserted, 
whereas 
CASEE 
is 
deasserted. 
At 
the 
end 
of 
ACCESS5. 
the 
CASEB3:0 
are 
deasserted 
if they 
were 
earlier 
asserted. 


CASEB3:0 
are 
deasserted 
because 
CASEE 
is sampled 
deasserted. 
From 
ACCESS5, 
the machine 
can proceed 
to 
either the IDLE state or the ACCESS6 
state. When BLAST 
is 
asserted. 
the 
machine 
proceeds 
to 
the 
IDLE 
state. 
otherwise 
to the ACCESS6 
state. 


ACCESS6 
is the fourth and last data cycle (Td3) for read 
accesses. 
In 
the 
middle 
of 
ACCESS6, 
CASOO 
is 
deasserted. 
At 
the 
end 
of 
ACCESS6. 
CASOB3:0 
are 
deasserted. 
CASOB3:0 
are deasserted 
because 
CASOO 
is 


sampled 
deasserted. 
From 
ACCESS6, 
the 
machine 
proceeds 
to 
IDLE 
state 
while 
deasserting 
RASE 
and 
RASO. 
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ACC2 
ACCO 
ACC1 
IDLE 


TdO 


ACC3 
ACC4 
, 
ACCS 
,ACCS 


Figure 8. Quad-Word 
Read Timing 
Diagram 


5.2 
Single-Word Read 


The ACCESS state machine takes a slightly different path 
when a read request is aligned on an odd word boundary. 
Figure 9 shows the state diagram for a single-word read; 
Figure 10 shows a single-word read timing diagram. 


From the IDLE state, the machine enters the ACCESSO 
state due to a processor request or a pending processor 
request. At the end of the IDLE state, the A3EVEN and 
A30DD state machines are loaded with the processor's 
address A3 and the ODDACCESS state machine is loaded 
with the processor's address A2. MUX is deasserted in the 
IDLE state, which selects the row address. • 


At the end of the ACCESSOstate, RASO is asserted. The 
machine then proceeds to the ACCESS2 state. 
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ImJX is asserted in the middle of the ACCESS2 state; this 
selects the column address. At the end of ACCESS2, 
CASOO is asserted. From ACCESS2, the machine enters 
ACCESS3 state. 


In the middle of the ACCESS3 state, CASCm3:0 are 
asserted when CASOO and the respective byte enable 
signals from the processor are asserted. The pending state 
machine is reset before leaving this state. The machine then 
proceeds to ACCESS4 state. 


The ACCESS4 state is the data cycle (TdO) for the read 
access. In the middle of ACCESS4, CASOO is deasserted. 
At the end of ACCESS4, CASCm3:0 are deasserted. 
CASOB3:0 are deasserted because CASOO is sampled 
deasserted. The machine then proceeds to the IDLE state. 
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A 
= ADS 
& !REFREQ 
& 
!ACC_PEND 
& DRAMADDR 
& SRASE 
# 
!REFREQ 
& ACC_PEND 


B = 
ADS 
& !REFREQ 
& !ACC_PEND 
& DRAMADDR 
& !SRASE 
& A2 & W_R 


C = 
W_R 
& !LA2 


D 
= 
UNCONDITIONAL, 


E = 
BLAST 
& !LA2 


F 
= 
W_R 
& BLAST 


Figure 9. Single-Word Read State Diagram 
(A2 = 1) 


I 


AP-703 


Ta 
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Figure 10. Single-Word Read Timing Diagram 
(A2 = 1) 


5.3 
Quad-WordWrite 


Figure 
II shows the state diagram 
for a quad-word 
write. 


This state diagram 
also shows the state machine 
paths for 
triple-, double-, 
and single-word 
writes. Single-word 
writes 


which are aligned 
on odd word boundaries 
use a different 
path; therefore, 
a different 
example 
is used to explain 
the 
state machine 
path. Figure 
12 shows the timing diagram 
for 
a quad-word 
write. 


From 
the IDLE 
state, 
the machine 
enters 
the ACCESSO 
state 
due to a processor 
request 
or a pending 
processor 
request. 
At the end of the IDLE 
state, the A3EVEN 
and 
A30DD 
state 
machines 
are loaded 
with the processor's 
address A3, and the ODbACCESS 
state machine 
is loaded 
with the processor's 
address 
A2. MUX is deasserted 
in the 
IDLE state, which selects the row address. 


At the end of the ACCESSO 
state, RASE 
and RASO are 
asserted. 
The 
machine 
then 
proceeds 
to the 
ACCESS I 
state. 


MUX is asserted 
in the middle of the ACCESS I state; this 
selects the column 
address. 
From ACCESSI, 
the machine 
enters the ACCESS2 
state. 
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In the middle of the ACCESS2 state, CASEE is asserted. At 
the end of the ACCESS2 state, CASEB3:0 are asserted if 
CASEE and the respective byte enable signals from the 
processor are asserted. The machine then proceeds to the 
ACCESS3 state. 


The ACCESS3 state is the first or third data cycle (TdO or 
Td2) for write accesses which are aligned on even word 
boundaries (A2 = 0). In the middle of the ACCESS3 state, 
CASEE is deasserted. At the end of the ACCESS3 state, 
CASEB3:0 are deasserted. This is because CASEE is 
sampled deasserted, The pending state machine is reset 
before leaving this state. From ACCESS3, the machine can 
proceed to either the ACCESS4 state or the IDLE state. If 
BLAST is asserted, the machine proceeds to the IDLE state, 
otherwise to the ACCESS4 state. 


In the middle 'of the ACCESS4 state, CASOO is asserted. 
At the end of ACCESS4, CASOB3:0 are asserted if 
~ 
and the respective byte enable signals from the 
processor are asserted. The machine then proceeds. to the 
ACCESS5 state. 


The ACCESS5 state is the second or fourth data cycle (Tdl 
or Td3) for write accesses which are aligned on even word 
boundary (A2 = 0). In the middle of ACCESS5, CASOO is 
deasserted. At the end of ACCESS5, CASOB3:0 are 
deasserted. This is because ~ 
is sampled deasserted. 
From ACCESS5, the machine can proceed to either the 
ACCESS2 state or the IDLE state. If BLAST is asserted, 
the machine proceeds to the IDLE state, otherwise to the 
ACCESS2 state. 
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A = 
ADS 
& 
!REFREQ 
& 
!ACC_PEND 
& DRAMADDR . 


& SRASE 
* 
!REFREQ & ACC_PEND 
BADS 
& 
!REFREQ & 
!ACC_PEND & DRAMADDR 
& !SRASE & !A2 
C 
LA2 
D 
UNCONDITIONAL 
E 
UNCONDITIONAL 
F 
!BLAST 
G 
BLAST & LA2 
H 
!W_R 
I 
!W_R & !BLAST 
J 
BLAST 


Figure 11. Quad·Word Write State Dlagra,!, 
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X 
OA10:1 
Row 
Column 


A3E 
[~ 
;; 
U: 
U: 
CASEE [ 


CASEB3:0 
[ 
:0 
:0 


031:0E 
[ 
( 
dO 
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( 
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A30 
[~ 
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I 


CASOO 
~: 
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' 
, 


031:00 
[ 


031:0 [ 
( 
dO 


READY [ 


Figure 
12. 
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5.4 
Single-WordWrite 


The ACCESS state machine takes a slightly different path 
when the write request is aligned on an odd word boundary. 
Figure 13 shows the state diagram for a single-word write. 
Figure 14 shows the timing diagram. 


A = 
ADS & !REFREq & !ACC_PEND & DRAMADDR 


& SRASE 


# 
!REFREQ & ACC_PEND 


B 
ADS & !REFREQ & !ACC_PEND & DRAMADDR 
& !SRASE & A2 & !W_R 


C 
!W_R & 
!LA2 


D 
!LA2 
& BLAST 


E 
!W_R 


F 
BLAST 


Figure 13. 
Single-Word 
Write State Diagram 
(A2 = 1) 


From the IDLE state, the machine enters the ACCESSO 
state due to a processor request or a pending processor 
request. At the end of the IDLE state, the A3EVEN and 
A30DD state machines are loaded with the processor's 
address A3, and the ODDACCESS state machine is loaded 
with the processor's address A2. 
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At the end of ACCESSO state, RASO is asserted. The 
machine then proceeds to the ACCESS3 state. 


In the middle of ACCESS3, MUX is asserted. This causes 
the column address to be selected. From ACCESS3, the 
machine enters ACCESS4 state. 


In the middle of ACCESS4, CASOO is asserted. At the end 
of the ACCESS4 state, CAS03:0 are asserted if CASOO 
and the byte enable signals from the processor are sampled 
asserted. CASOO is deasserted at the end of ACCESS4. 
The machine then proceeds to ACCESS5 state. 


The ACCESS5 state is the data cycle (TdO) for the write 
access which is aligned on odd word boundary (A2 = I). At 
the end of ACCESS5, CASOB3:0 are deasserted. The 
machine then proceeds to the IDLE state while deasserting 
RASO. 


, IDLE : ACCO : ACC3 
: ACC4: 
ACCS: 


1X_CLK [ 


ADS [ 


A31:3 [ 


RASO [ 
:\'- 
__ 
---': r: 


OA10:1[:J( 
Row 
X 


" 
'-----~--~----~ 


A30[ :=) 


Column 


CASOO [ 


CASOB[ 


3:0 


031:00 
[ 


031:0 [ 


READY [ 
, 
'-----'----'---'-----'-.' 
v: 
I 
I 
I 
, 
, 
, 


, 
, 


,----r-~('-Tr-_-_---r--_dO=:-~--' 
: 


~--,--« 
dO 
~ 
:LJ: 
' 
, 
, 
, 
, 
, 


Figure 14. 
Single-Word 
Write Timing 
Diagram 
(A2 = 1) 
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In 
the 
REFRESH2 
state, 
the 
machine 
unconditionally 
proceeds 
to the REFRESH3 
state. 


At the end of the REFRESH3 
state, RASE 
is deasserted. 


The machine then proceeds 
to the IDLE state. 


5.5 
RefreshCycles 


The refresh counter requests 
a DRAM refresh every 7.8 us. 
One bank is refreshed 
at a time in alternation. 
The ACCESS 
state machine 
sequences 
the refresh and, based on the state 
of the RFEVENBK 
state machine, 
either 
the even or the 
odd bank is refreshed. 
The following 
text assumes the even 
bank is 10 be refreshed; 
for example, 
the RFEVENBK 
state 
machine 
is active. 
The odd bank is refreshed 
in a similar 
manner. 


Figure 
15 shows the refresh 'state diagram. 
Figure 
16 shows 
the 
refresh 
timing 
diagram. 
From 
the 
IDLE 
state, 
the 
machine 
enters 
the 
REFRESHO 
st~te' 
if 
REFREQ 
.is 
asserted. 
In the middle of REFRESHO, 
CASEE 
is asserted. 


At the end of REFRESHO, 
CASEB3:0 
is asserted 
because 
CASEE 
is sampled 
asserted. 
At the end of REFRESHO the 
counter 
is also reloaded 
which 
deasserts 
REFREQ 
to get 
deasserted. 
Counting 
resumes 
on the next clock edge. The 
machine then proceeds 
to the REFRESH I state. 


In the middle of the REFRESH 1 state, CASEE is deasserted 
while RASE is asserted. 
At the end of the REFRESH Istate, 
CASEB3:0 
are 
deasserted. 
This 
is 
because 
CASEE 
is 
sampled 
deasserted. 
The 
RFEVENBK 
state 
machine 
is 
toggled 
at 
the 
end 
of 
REFRESH 
I·. The 
machine 
then 
proceeds 
to 
the 
REFRESH2 
state. 
The 
next 
refresh 
sequence 
refreshes 
the odd bank because 
the state of the 
RFEVENBK 
state machine 
is altered. 


A 


FIgure 15. Refresh 
State DIagram 


A 


B 


C 


D 


E 


REFREQ 
UNCONDITIONAL 
UNCONDITIONAL 


UNCONDITIONAL 


UNCONDITIONAL 


, IDLE: IDLE: REFO: REFl : REF2: REF3: 
IDLE: ....• 
, IDLE: REFO: REF1: REFi 
REF3: idle 


lX_ClK 


REFREQ 


REFEVEN 
[ 


RASE 
[ 


CASEE 
[ 


CASEB3:0 
[ 


RASO 
[ 


CASOO 
[ 


CASOB3:0 
[ 


'LI 
' 
, 
, 
,, . 


\•...•.. 
'-.,..---7:r 
\-I: 
.----.----~--~----~--~----~--~----~----~--_n:~ 


Figure 16. Refresh Timing 
Diagram 
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6.0 
CONCLUSION 


In conclusion, this application note describes a DRAM 
controller for use with 33 MHz i960 CNCF 
processors. 


This DRAM controller was built and tested for validation 
purposes. The PLO equations used to build and test the 
prototype design were created in ABEL. All timing analysis 
was verified with Timing Designer. Schematics were 
created with OrCAD. The timing analysis, schematics and 
PLO 
files 
are 
available 
through 
Intel's 
America's 
Application Support BBS. 


7:.0 
RE'LATEDINFORMATION 


This application note is one of four that are related to 
DRAM controllers for the i960 processors. The following 
table shows the documents and order numbers: 
. 


Document Name 
App. 
Order # 
Note # 


DRAM Controller 
for the 40 MHz i960~ 
Ap·706 
272655 
CA/CF 
Microprocessors 


DRAM Controller 
for the i960~ JA/JF/JD 
AP-712 
272674 
Microprocessors 


Simple 
DRAM, Controller 
for 25/16 
MHz 
AP-704 
272628 
i960~ CA/CF 
Microprocessors 
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To receive these documents or any other available Intel 
literature, contact: 


Intel Corporation 
Literature Sales 
P.O. Box 7641 
Mt. Prospect IL 60056-7641 
1-800-879-4683 


To receive files that contain'the timing analysis; schematics 
and PLO equations for this and the other DRAM controller 
application notes, contact: 


Intel Corporation 
America's Application Support BBS 
916-356-3600 
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Table A-I contains 
the PLD equations 
which were used to build and test the prototype 
design. Table A-2 defines 
signal 
and product term allocation. 
The PLD equations 
were created in ABEL as a device-independent 
design. Using the ABEL· 
software, 
a PDS file was created and subsequently 
imported 
into PLDSHELL· 
software. 
PLDSHELL 
was used to fit the 
design into an Altera EPX780 
FLEXlogic· 
PLD. PLDSHELL 
was also utilized to create the JEDEC 
file, and to simulate 


the design. 


In addition, 
this appendix 
contains a table listing the number of product terms used by each macrocell. 


The DRAM Controller 
does not use the APK_ACTIVE 
signal. 


Table A·1. 
33 MHz DRAM Controller 
PLO Equations 
(Sheet 1 of 22) 


Module 
Title 
Source 
File 


Revision 
Date 
Designer 


CX33T 
'DRAM 
Controller 
for 
25/33MHz 
CX33T.ABL 
Rev 
0.0 
11/17/94 
Sailesh 
Bissessur 
Intel 
80960 
Applications 
Engineering' 


2-Way 
Interleaved 
DRAM 
controller 
for 
the 
960Cx 
33 
AND 
25MHz . 


..This 
design 
also 
contains 
logic 
for 
FLASH, 
HEX 
DISPLAY, 
and 
Software 
Reset. 
DRAM 
OxAOOOOOOO 
FLASH 
OxFFFEOOOO 
HEX 
DISPLAY 
OxB8000000 
SW 
Reset 
OxBOOOOOOO 


Uxx 
device 
'IFX780_132'; 
inputs 
signals 


CLK1 
CLK2 


11.2 
!EXTRST 
!CPUWAIT 
!ADS 
!BLAST 
!W_R 
11.31 
11.30 
11.29 
11.28 
11.27 
DCLK1 
11.3 
!BE3 
!BE2 


!BE1 
!BEO 
!APK ACTIVE 


PIN 
118 
PIN 
52 
..1x 
clock 
..2x 
clock 


I 


/ 


PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 


PIN; 
PIN; 
PIN; 


..Address 
11.2 
..External 
Reset 
..Processor 
wait 
..Address 
Strobe 
..Burst 
Last 
..Processor 
Read/Write 
..Address 
11.31 
..Address 
11.30 
..Address 
11.29 
..Address 
11.28 
Address 
11.27 
..Delayed 
Clock 
Address 
11.3 
..Byte 
Enable 
3 
..Byte 
Enable 
2 


..Byte 
Enable 
1 
..Byte 
Enable 
0 
Indicates 
presence 
of 
ApLink 
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Table A·1. 
33 MHz DRAM Controller 
PLD Equations 
(Sheet 2 of 22) 


.. 
output 
signals 


!LA2 
PIN 
istype 
'reg' 
; 
.. 
latched 
A2 
Q3 
PIN 
istype 
'reg' ; 
.. mic 
bit3 
Q2 
PIN 
istype 
I reg' 
i 
.. mic 
bit2 
!RDEN 
PIN 
istype 
'corn' 
; 
.. 
enables 
data 
mux: '257s 


h 
!SELA 
PIN 
istype 
'reg' ; 
.. 
selects 
even 
odd 
data 


!SELB 
PIN 
istype 
'reg' ; 
.. 
selects 
even 
odd 
data 
!READY 
PIN 
istype 
'reg' 
; 
.. 
Processor 
READY 
Ql 
PIN 
istype 
'reg' 
; 
.. mic 
bit1 
QO 
PIN 
istype 
'reg' ; .. mic 
bitO 
!ACC 
PEND 
PIN 
istype 
'reg' ; 
.. 
access 
pending 
indicator 
- 
!RASO 
PIN 
istype 
'reg' 
; 
.. 
Odd 
RAS 
A3E 
PIN 
istype 
'reg' ; 
.. 
Even 
Address 
Counter 
!REFEVEN 
PIN 
istype 
'reg' ; 
.. 
which 
bank 
to 
refresh 
!CASEE 
PIN 
istype 
'reg' 
; 
.. 
Pipelined 
Even 
CAS 
!CASOO 
PIN 
istype 
I reg'; 
.. 
Pipelined 
Odd 
CAS 
A30 
PIN 
istype 
'reg' ; 
.. 
Odd 
Address 
Counter 


WAIT 
PIN 
istype 
'corn' 
; 
.. 
wait 
state 
indicator 


!RASE 
PIN 
istype 
'reg' ; .. .Even 
RAS 


!MUX 
PIN 
istype 
'reg' 
; 
.. 
Selects 
between 
Even/Odd 
col 
Addr 


!CASEBO 
PIN 
istype 
'reg' 
; 
.. 
Byte 
0 
Even 
CAS 
!CASEB1 
PIN 
istype 
I reg'; 
.. 
Byte 
1 Even 
CAS 
!CASEB2 
PIN 
istype 
I reg'; 
.. 
Byte 
2 Even 
CAS 
!CASEB3 
PIN 
istype 
'reg' 
; 
.. 
Byte 
3 Even 
CAS 
!CASOBO 
PIN 
istype 
'reg' 
; 
.. 
Byte 
0 
odd 
CAS 


!CASOB1 
PIN 
istype 
'reg' 
; 
.. 
Byte 
1 Odd 
CAS 


!CASOB2 
PIN 
istype 
'reg' 
; 
.. 
Byte 
2 odd 
CAS 


!CASOB3 
PIN 
istype 
'reg' ; 
.. 
Byte 
3 Odd 
CAS 
S3 
PIN 
istype 
'reg"; 
.. 
Refresh 
Counter 
1 bit 
3 
S2 
PIN 
istype 
'reg' 
; 
.. 
Refresh 
Counter 
1 bit 
2 
S1 
PIN 
istype 
'reg' 
; 
.. 
Refresh 
Counter 
1 bit 
1 
SO 
PIN 
istype 
'reg' ; 
.. 
Refresh 
Counter 
1 bit 
0 
T3 
PIN 
istype 
'reg' ; .. 
Refresh 
Counter 
2 bit 
3 
T2 
PIN 
istype 
'reg'i 
.. 
Refresh 
Counter 
2 bit 
2 
Tl 
PIN 
istype 
'reg' 
; 
.. 
Refresh 
Coubter 
2 bit 
1 
TO 
PIN 
istype 
'reg' ; 
.. 
Refresh 
Counter 
2 bit 
0 


!REFREQ 
PIN 
istype 
'corn' 
; 
.. 
Refresh 
Required 
!FLASHCS 
PIN 
istype 
'reg' ; 
.. 
FLASH 
Chip 
Select 
!FLASHRD 
PIN 
istype 
'reg' 
; 
.. 
FLASH 
OE 
!FLASHWR 
PIN 
istype 
'corn' 
; 
.. 
Flash 
WE 


!XCROE 
PIN 
istype 
'reg' ; 
.. 
TRANSCEIVER 
OE 
control 
!XCRDIR 
PIN 
istype 
'corn' 
; 
.. 
TRANSCEIVER 
DIR 
control 


!SWRST 
PIN 
istype 
I reg'; 
.. 
SW 
Reset 
Indicator 


!TRIGRST 
PIN 
istype 
'reg' 
; 
.. 
Triggers 
the 
Reset 
Device 


!RESET 
PIN 
istype 
'reg' 
; 
.. 
System 
Reset 
!WRE 
PIN 
istype 
'corn' 
; 
.. 
Even 
Bank 
WE 


!WRO 
PIN 
istype 
I corn 
I i 
.. 
Odd 
Bank 
WE 
!SRASE 
PIN 
istype 
I reg' 
i 
.. 
Latched 
RASE 
or 
RASO 
LED 
LAT 
PIN 
istype 
'reg'i 
.. 
HEX 
Display 
Pulse 
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Table A·1. 
33 MHz DRAM Controller 
PLD Equations 
(Sheet 3 of 22) 


C 
.C.; 
x 
.X.; 


CYCLE 
ODDACCESS 
BANKSELA 
BANKSELB 
PENDING 
RDY 
RASEVEN 
RASODD 
CASPIPE 
CASPIPO 
ADDRMUX 
A3EVEN 
A30DD 
RFEVENBK 
CASE_BO 
CASE_B1 
CASE_B2 
CASE_B3 
CASO_BO 
CASO_B1 
CASO_B2 
CASO_B3 
REFCT2 
= 
REFCT1 
= 
DRAMADPR 
FLASHADDR 
SWRSTADDR 
LEDADDR 


ASSERT 
DEASSERT 


ZO 
Zl 
Z2 
Z3 
Z4 
Z5 
Z6 
Z7 
Z8 
Z9 
Z10 
Zll 
Z12 
Z13 
Z14 
Z15 
I 


[Q3,Q2,Q1,QO] 
; 
[LA2] ; 
[SELA] ; 
[SELB] ; 
[ACC_PEND] 
; 
[READY] ; 
[RASE] ; 
[RASO] ; 
[CASEE] ; 
[CASOO] ; 
[MUX] ; 
[A3E] ; 
[A30] ; 
[REFEVEN] 
; 
[CASEBO] ; 
[CASEB1] ; 
[CASEB2] ; 
[CASEB3] ; 
[CASOBO] ; 
[CASOB1] ; 
[CASOB2] ; 
[CASOB3]; 
[T3,T2,T1,TO]; 
[S3,S2,Sl,SO] 
; 
(A31 & !A30 & 
A29 
(A31 & 
A30 
& 
A29 
(A31 & !A30 & 
A29 
(A31 & !A30 & 
A29 


AbOOOO; 
Ab0001; 
Ab0010; 
Ab0011; 
Ab0100; 
Ab0101; 
-soi io. 
Ab0111; 
Ab1000; 
Ab1001; 
Ab1010; 
Ab1011; 
Ab1100; 
-si ici 
Ab1110 
Abllll 


& !A28 
& 
A28 
& 
A28 
& 
A28 


. 


& 
!A27); 


& 
A27); 


& 
!A27); 


& 
A27); 
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Table A-1. 33 MHz DRAM Control/er PLO Equatlona 
(Sheet 4 of 22) 


IDLE 
"bOOOO; 
ACCESSO 
"bOOO1; 


ACCESSl 
"bOO1O; 
ACCESS2 
"bOOll; 


ACCESS3 
"b01OO; 
ACCESS4 
"b01Ol; 
ACCESS5 
"bOllO; 
ACCESS6 
"bOlll; 
ACCESS7 
"blOOO; 
"this 
state 
is 
never 
entered 
ACCESS8 
"blOO1; 
"this 
state 
is never 
entered 


REFRESHO 
"blO1O; 


REFRESHl 
"blOll; 


REFRESH2 
-si ico , 
REFRESH3 
"bllOl; 
REFRESH4 
"blllO; 
"this 
state 
is never 
entered 


REFRESH5 
"bllll; 
"this 
state 
is never 
entered 


state_diagram 
ODDACCESS 
state 
ASSERT: 
if ({CYCLE 
IDLE) 
& A2) 
then 
DEASSERT 


"Holds 
state 
of 
A2 
of 
Processor 


else 
ASSERT; 


state 
DEASSERT: 
if ({CYCLE 
IDLE) 
& 
!A2) 
then 
ASSERT 
else 
DEASSERT; 


11 11 11 11 U " 
11 11 11 11 11 11 " 
11 11 11 11 11 11 I1 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 " 
" 
11 11 11 11 11 11 11 11 11 11 11 11 11 I1 11 It 
11 I1 It 
I1 11 11 11 11 11 " 
I1 11 11 11 " 
11 11 " 


"Even 
byte 
0 CAS 


state_diagram 
CASE_BO 
state 
ASSERT: 
if{!Q3 
& !CASEE) 
~hen 
DEASSERT 
else 


else 
if (!Q3 
&. 
!WAIT 
& BLAST 
& W_R 
& 
!DCLK1) 
then 
DEASSERT 


if{Q3 
& !CASEE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if{!Q3 
& CASEE 
& BEO) 
then 
ASSERT 
else 
if{Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 
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Table A·1. 
33 MHz DRAM Controller 
PlO Equations 
(Sheet 5 of 22) 


11111111111111111111111111111111111111111111""111111111111111111111111111111111111111111111111111111"""11""1111111111111111111111""11 


"Even 
byte 
1 CAS 


state_diagram 
CASE_Bl 
state 
ASSERT: 


if(!Q3 
& 
!CASEE) 
then 
DEASSERT 
else- 


if(!Q3 
& !WAIT & BLAST 
& W_R 
& !DCLKl) 
then 
DEASSERT 
else 
if(Q3 
& !CASEE) 
then 
DEASSE~T 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& CASEE 
& BEl) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 


"Even 
byte 
2 CAS 


state_diagram 
CASE_B2 
state 
ASSERT: 
if(!Q3 
& !CASEE) 
then 
DEASSERT 
else 
if(!Q3 
& 
!WAIT & BLAST 
& W_R 
& !DCLKl) 
then 
DEASSERT 
else 
if(Q3 
& 
!CASEE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& CASEE 
& BE2) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 


I 
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r 
; 
, 


1·479 


AP-703 
intel· 


Table A·1. 
33 MHz DRAM Controller 
PLD Equations 
(Sheet 6 of 22) 


"Even 
byte 
3 CAS 


state_diagram 
CASE_B3 
state 
ASSERT: 
if(!Q3 
& !CASEE) 
then 
DEASSERT 
else 
if(!Q3 
& 
!WAIT & BLAST 
& W_R 
& !DCLKl) 
then 
DEASSERT 
else 
if(Q3 
& !CASEE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 


if (!QJ 
& CASEE 
& BE3) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSER:r'; 


"Odd 
byte 
0 CAS 


11 
11 
11 
" 
11 •• 
" 
11 11 " 
11 11 11 •• 
" 
11 " 
11 11 " 
11 11 11 11 " .••' 
11 11 •• 
11 11 11 11 •• 
11 11 11 11 11 11 11 lot 11 •• 
It 
It 
" 
11 It 
I1 11 11 ".11 
11 11 11 11 H 
11 11 11 11 11 11 •• 
It 
•• 
11 I1 11 


state_diagram 
CASO_BO 
state 
ASSERT: 
if(!Q3 
& !CASOO) 
then 
DEASSERT 
else 
if(!Q3 
& 
!WAIT & BLAST 
& W_R & 
!DCLK1) 
then 
DEASSERT 
else 
if(Q3 
& 
!CASOO) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 


if(!Q3 
& CASOO 
& BEO) 
then 
ASSERT 
else 
if(Q3 
& CASOO) 
then 
ASSERT 
else 
DEASSERT; 
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Table A-1. 
33 MHz DRAM Controller 
PLO Equations 
·(Sheet 7 of 22) 


"Odd 
byte 
1 CAS 


state_diagram 
CASO_Bl 
state 
ASSERT: 
if(!Q3 
& 
!CASOO) 
then 
DEASSERT 


else 
if(!Q3 
& 
!WAIT 
& BLAST 
& W_R 
& 
!DCLKl) 
then 
DEASSERT 
else 
if(Q3 
& 
!CASOO) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
&·CASOO 
& 
BEl) 
then 
ASSERT 
else 
if(Q3 
& CASOO) 
then 
ASSERT 


else 
DEASSERT; 


"Odd 
byte 
2 CAS 


state_diagram 
CASO_B2 
state 
ASSERT: 
if(!Q3 
& 
!CASOO) 
then 
DEASSERT 
else 
if(!Q3 
& 
!WAIT 
& BLAST 
& W_R 
& 
!DCLKl) 
then 
DEASSERT 
else 
if(Q3 
& 
!CASOO) 
then 
DEASSERT 


else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& CASOO 
& 
BE2) 
then 
ASSERT 
else 
if(Q3 
& CASOO) 
then 
ASSERT 
else 
DEASSERT; 


J 
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e.l.se 
ASSERT; 


else 


state 
DEASSERT: 
if(!Q3 
& CASOO 
& BE3) 
then 
ASSERT 


else 
if(Q3 
& CASOO) 
then 
ASSERT 


"Keeps 
track 
of 
any 
pending 
access 


.DEASSERT; 


state_diagram 
PENDING 
state 
ASSERT: 
if (CYCLE 
else 
ACCESS3) 
then 
DEASSERT 


ASSERT; 


else 


state 
DEASSERT: 
if(ADS 
& DRAMADDR) 
then 
ASSERT 


DEASSERT; 
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"Indicates 
which 
Bank 
is 
to be 
refreshed 
next 
when 
!REFREQ 
becomes 
active 


state_diagram 
RFEVENBK 
state 
ASSERT: 
if ((CYCLE 
else 
ASSERT; 


state 
DEASSERT: 
if ((CYCLE 
else 
DEASSERT; 


REFRESH!) 
& !DCLKl) 
then 
DEASSERT 


REFRESHl) 
& !DCLKl) 
then 
ASSERT 


"Selects 
even 
or 
odd 
data 
path 
while 
reading 


state_diagram 
BANKSELA 
state 
ASSERT: 
if ((CYCLE 
else 
if ((CYCLE 
else 
if ((CYCLE 
else 
ASSERT; 


state 
DEASSERT: 
if ((CYCLE 
else 
if ((CYCLE 
else 
DEASSERT; 


IDLE) 
& A2) 
then 
DEASSERT 


ACCESS3)) 
then 
DEASSERT 


ACCESS5)) 
then 
DEASSERT 


IDLE) 
& !A2) 
then 
ASSERT 


ACCESS4)) 
then 
ASSERT 


"Selects 
even 
or 
odd 
data 
path 
while 
reading 


state_diagram 
BANKSELB 
state 
ASSERT: 
if «(CYCLE 
else 
if ((CYCLE 
else 
if ((CYCLE 
else 
ASSERT; 


state 
DEASSERT: 


if ((CYCLE 
else 
if ((CYCLE 
else 
DEASSERT; 


IDLE) 
& A2) 
then 
DEASSERT 


ACCESS3)) 
then 
DEASSERT 


ACCESS5)) 
then 
DEASSERT 


IDLE) 
& 
!A2) 
then 
ASSERT 


ACCESS4)) 
then 
ASSERT 


I 
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"Generates 
READY 
to 
the 
processor 


state_diagram 
RDY 
state 
ASSERT: 
if(W_R 
& BLAST) 
then 
DEASSERT 
else 
if(!W_R) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if ((CYCLE 
ACCESS2) 
& LA2) 
then 
ASSERT 
else 
if «CYCLE 
ACCESS3) 
& W_R 
& 
!LA2) 
then 
ASSERT 
else 
if «CYCLE 
ACCESS3) 
& W_R 
& LA2 
& !BLAST) 
then 
ASSERT 
else 
if «CYCLE 
ACCES:S4) & !W_R) 
then 
ASSERT 
else 
DEASSERT; 


"Even 
RAS 


state_diagram 
RASEVEN 
state 
ASSERT: 
if «CYCLE 
ACCESS3) 
& !DCLKl & LA2 & BLAST) 
then 
DEASSERT 
else 
if «CYCLE 
ACCESS4) 
& !DCLKl & W_R 
& BLAST) 
then 
DEASSERT 
else 
if «CYCLE 
ACCESS5) 
& 
!DCLKl & BLAST) 
then 
DEASSERT 
else 
if «CYCLE 
-- ACCESS6). 
& 
!DCLKl 
& BLAST) 
then 
DEASSERT 
else 
if «CYCLE 
REFRESH3) 
& 
!DCLKl) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if«CYCLE 
== 
IDLE) 
& 
!SRASE & ADS 
& 
!REFREQ 
& 
!ACC_PEND 
& DRAMADDR 
& !DCLKl) 
then 
ASSERT 
else 
if «CYCLE 
ACCESSO) 
& 
!DCLKl) 
then 
ASSERT 


I 
else 
if «CYCLE 
REFRESHl) 
& DCLKl 
& REFEVEN) 
then 
ASSERT 
else 
DEASSERT; 
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11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
11111111111111111111111111111111111111111111111111 


"Odd 
RAS 


11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111""111111111111"""1111111111 


state_diagram 
RASODD 
state 
ASSERT: 
if ((CYCLE 
ACCESS3) 
& lDCLKl & LA2 & BLAST) 
then 
DEASSERT 


else 
if ((CYCLE 
ACCESS4) 
& lDCLKl & W_R & BLAST) 
then 
DEASSERT 


else 


if ((CYCLE 
ACCESS5) 
& 
lDCLKl 
& BLAST) 
then 
DEASSERT 
else 


if ((CYCLE 
ACCESS6) 
& 
lDCLKl 
& BLAST) 
then 
DEASSERT 
else 
if ((CYCLE 
REFRESH3) 
& 
lDCLK1) 
then 
DEASSERT 


else 
ASSERT; 


state 
DEASSERT: 


if((CYCLE 
== 
IDLE)· & 
ISRASE 
& ADS 
& lREFREQ 
& 
lACC_PEND 


& DRAMADDR 
& lDCLK1) 
then 
ASSERT 
else 
if ((CYCLE 
ACCESSO) 
& lDCLK1) 
then 
ASSERT 
else 
if ((CYCLE 
REFRESH1) 
& 
DCLKl 
& 
lREFEVEN) 
then 
ASSERT 
else 
DEASSERT; 


11 
11111111 
tllIlI 
11111111 
111111111111111111111111111111 
11111111 
1IIIIIIIIIIIII"""IIIIIi"IIIIIIIIIIIIII 
11 
tl 
11 
11 
11111111111111111111""""" 


"Pipelined 
Even 
CAS 


state_diagram 
CASPIPE 
state 
ASSERT: 


if ((CYCLE 
ACCESS3) 
& DCLK1) 
then 
DEASSERT 
else 


I 


if ((CYCLE 
ACCESS5) 
& DCLK1) 
then 
DEASSERT 
else 
if((CYCLE 
== 
ACCESS4) 
& lDCLKl & BLAST 
& W_R) 
then 
DEASSERT 


else 
if ((CYCLE 
== 
REFRESH1) 
& DCLK1) 
then 
DEASSERT 
else 
~ 


ASSERT; 


state 
DEASSERT: 


if ((CYCLE 
ACCESS1) 
& W_R 
& lDCLK1) 
then 
ASSERT 
else 


: 
if ((CYCLE 
ACCESS2) 
& IW_R 
& DCLK1) 
then 
ASSERT 
else 
if ((CYCLE 
ACCESS3) 
& W_R 
& 
lDCLKl 
& 
!BLAST) 
then 
ASSERT 


else 


if ((CYCLE 
REFRESHO) 
& DCLKl 
& REFEVEN) 
then 
ASSERT 
else 
DEASSERT; 


I 


, 
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else 
if ({CYCLE 
ACCESS5) 
& !W_R & DCLK1) 
then 
DEASSERT 
else 
if ({CYCLE 
REFRESHl) 
& DCLK1) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 


if{{CYCLE 
== ACCESS2i 
& W_R 
& LA2 
& 
!BLAST 
& 
!DCLKl) 
then 
ASSERT 
else 
if ({CYCLE 
ACCESS2) 
& 
W_R 
& 
!LA2 
& 
!DCLK1) 
then 
ASSERT 
else 
if ({CYCLE 
ACCESS4) 
& W_R 
& 
!BLAST 
& 
!DCLKl) 
then 
ASSERT 
else 
if ({CYCLE 
ACCESS4) 
& 
!W_R 
& 
DCLK1) 
then 
ASSERT 
else 
if ({CYCLE 
REFRESHO) 
& 
DCLKl 
& 
!REFEVEN) 
then 
ASSERT 
else 
DEASSERT; 


1111111111111111111111111111111111111111111111""1111111111111111111111111111111111111111""11111111"1'""11111111""11111111111111111111 


"Even 
address 
counter 


state_diagram 
A3EVEN 
state 
DEASSERT: 
if {{CYCLE 
else 
if {{CYCLE 
else 
if {{CYCLE 
else 
DEASSERT; 


state 
ASSERT: 
if ({CYCLE 
else 
ASSERT; 


IDLE) 
& !DCLKl 
& 
A3) 
then 
ASSERT 


'ACCESS3) 
& !W_R & !DCLK1) 
then 
ASSERT 


ACCESS3) 
& 
W_R & DCLK1) 
then 
ASSERT 


IDLE) 
& !DCLKl 
& !A3) 
then 
DEASSERT 
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"Odd 
address 
counter 


11"""111111111111111111111111111111111111111111111111111111111111"""1111111111111'-"111111111111111111111111111111""111111111111111111 


state_diagram 
A30DD 
state 
DEASSERT: 
if ((CYCLE 
else 
if ((CYCLE 
else 
if ((CYCLE 
else 
DEASSERT; 


state 
ASSERT: 


if ((CYCLE 
else 
ASSERT; 


IDLE) 
& 
A3 & !DCLK1) 
then 
ASSERT 


ACCESS4) 
& 
W_R & DCLK1) 
then 
ASSERT 


ACCESSS) 
& !W_R & !DCLK1) 
then 
ASSERT 


IDLE) 
& 
!A3 & 
!DCLK1) 
then 
DEASSERT 


I 


I 
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" 
" 
" 
11 u n " 
11 
11 
11 
11 
It 
11 
11 
11 
11 
11 
" 
11 
11 
11 
11 
" 
" 
11 
11 
11 
" 
11 
11 
11 
11 
" 
11 
" 
I1 
'I 
11 
11 
11 
11 
11 
" 
" 
11 
11 
11 
I1 
11 
11 
11 
11 
11 
11 
" 
11 
" 
11 
11 
11 
I1 
11 
11 
11 
I1 
11 
" 
11 
'1 
" 
11 


"Main 
DRAM 
state 
machine 
- ACCESS 
state 
machine 


""11""11""""111111111111111111"""1111""""11111111111111111111.1'11"""1'"1111111111111111111111111111111111111111111111111111 


state_diagram 
CYCLE 
state 
IDLE: 
if(ADS 
& 
!REFREQ 
& 
!ACC_PEND 
& DRAMADDR 
& SRASE) 
then 


ACCESSO 
else 
if(ADS 
& 
!REFREQ 
& 
!ACC_PEND 
& 
DRAMADDR 
& 
!SRASE 
& 
!A2) 


then 
ACCESSl 
else 
if(ADS 
& 
!REFREQ 
& 
!ACC_PEND 
& DRAMADDR 
& 
!SRASE 
& 
A2 


& W_R) 
then 
ACCESS2 
else 


.i f (ADS 
&. !REFREQ& 
!ACC_PEND 
& DRAMADDR 
& 
!SRASE 
& 
A2 


& 
!W_R) 
then 
ACCESS3 
else 
if(!REFREQ 
& ACC_PEND) 
then 
ACCESSO 
else 
if (REFREQ) 
then 
REFRE'SHO 
else 
IDLE; 


state 
ACCESSO: 
if (W_R 
& 
!LA2) 
then 
ACCESS2 
else 
if(!W_R 
& 
!LA2) 
then 
ACCESS3 
else 
ACCESS1; 


state 
ACCESS1: 
goto 
ACCESS2; 


state 
ACCESS2: 
goto 
ACCESS3; 


state 
ACCESS3: 
if(BLAST 
& LA2) 
then 
IDLE 
else 
ACCESS4; 


state 
ACCESS4: 
if(W_R 
& BLAST) 
then 
IDLE 
else 
goto 
ACCESS5; 


state 
ACCESS5: 
if (BLAST) 
then 
IDLE 
else 
if(!W_R 
& 
!BLAST) 
then 
ACCESS2 
else 
goto 
ACCESS6; 
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state 
REFRESH1: 
goto 
REFRESH2; 


state 
REFRESH2: 


goto 
REFRESH3; 


state 
REFRESH3: 


goto 
IDLE; 


state 
REFRESH4: 


go to 
IDLE;· 


state 
REFRESH5: 


goto 
IDLE; 


J 
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"Row/Column 
address 
select 


I 


11 
11 I1 
11 11 
I1 
" 
11 
I1 
11 11 Ir 
I1 
I1 
" 
" 
I1 
I' 
11 11 11 11 
11 11 11 11 11 
11 11 11 I1 
11 11 " 
" 
11 11 11 11 
11 11 
I1 
H 
11 11 
I1 
I1 
11 11 11 
I1 
H 
" 
11 " 
11 11 
" 
11 I1 
11 11 11 
11 11 11 •• 
11 
H 
11 
11 


I1 
It 
" 
11 
11 
11 
11 
•• 
11 
11 
11 
11 
11 
11 11 
H 
11 
11 
" 
11 
H 
•• 
11 
11 
11 
11 
•• 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
" 
11 
11 11 
•• 
11 
It 
11 
" 
11 
11 
11 
11 
11 
•• 
" 
" 
I. 
11 
H 
" 
11 
11 
11 
•• 
" 
11 
11 
11 11 
11 
11 
" 
" 


state_diagram 
ADDRMUX 
state 
ASSERT: 
if(!RASE 
& DCLKl) 
then 
DEASSERT 


ASSERT; 


I 


I 


I 


I 
, 


else 


state 
DEASSERT: 
if(RASE 
& DCLKl) 
then 
ASSERT 
, 


else 
DEASSERT; 


I 


"Refresh 
Counter 
1 


state_diagram 
REFCTl 
state 
zoo 
if (!Q3 
& 
(REFCT2 
ZO» 
then 
Zo 


, 


else 
. 


Z15; 


state 
Zl: 
, 


if(Q3) 
then 
Z15 
else 
I 


ZO; 


" 


state 
Z2: 
if(Q3) 
then 
Z15 
else 
Zl; 


state 
Z3: 


if (Q3) 
then 
Z15 
else 
Z2; 


state 
Z4: 


if (Q3) 
then 
Z15 
else 
Z3; 


state 
Z5: 
if(Q3) 
then 
Z15 
else 
Z4; 


state 
Z6: 
if (Q3) 
then 
Z15 
else 
Z5; 


1-490 
I 


intel· 
AP-703 


Table A·1. 
33 MHz DRAM Controller 
PLD Equations 
(Sheet 17 of 22) 


state 
Z7: 
if (Q3) 
then 
Z15 
else 
Z6; 


state 
Z8: 
if (Q3) 
then 
Z15 
else 
Z7; 


state 
Z9: 
if(Q3) 
then 
Z15 
else 
Z8; 


state 
ZlO: 
if (Q3) 
then 
Z15 
else 
Z9; 
- .- 


state 
Zll: 
if (Q3) 
then 
Z15 
else 
ZlO; 


state 
Z12: 
if (Q3) 
then 
Z15 
else 
Zll; 


state 
Z13: 
if(Q3) 
then 
Z15 
else 
Z12; 


state 
Z14: 
if (Q3) 
then 
Z15 
else. 


Z13; 


state 
Z15: 


if(Q3) 
then 
Z15 
else 
Z14; 


J 
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state 
Zl: 
if (Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
ZO; 
else 
I 


Zl; 


state 
Z2: 


I 
if (Q3) 
then 
Z15 
else 


I 


if (!Q3 
& 
(REFCTl 
== 
ZO» 
then 
Zl; 
else 
Z2; 


state 
Z3: 
if(Q3) 
then 
Z15 
else 


I 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
Z2; 
else 
, 
Z3; 


state 
Z4: 
if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
Z3 ; 
else 
Z4; 


state 
Z5: 
if(Q3) 
then 
Z15 
else 
if( !Q3 
& 
(REFCTl 
ZO» 
then 
Z4; 
else 
Z5; 
I 


I 


state 
Z6: 


if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
Z5; 
else 
Z6; 


•••••• 
11 
11 
""" 
11 
11 
11 
11 
•• 
""" 
11 
11 
•• 
" 
It 
11 
11 
11" 
11 
11 
11 
11 
•••• 
11 
M 
""" 
11 
•••• 
M 
11 
11 
M 
M 
11 
11 
11 
M 
"" 
11 
11 
•• 
11 
11 
11 
11 
I1 
H 
11 
11 
•• 
11 
11.11 
11 •••• 
n 
M 
11 


ZO; 


I 


11 
11 
I1 
11 
11 
11 
" 
11 
11 
I1 
" 
11 
11 
11 
I1 
11 
I1 
I1 
11 
11 
I1 
11 
11 
I1 
11 
11 
11 
11 
" 
11 
" 
11 
11 
" 
11 
H 
n 
•• 
11 
11 
11 
•• 
" 
11 
I1 
11 
11 
.1 
It 
H 
11 
•• 
11 
I1 
I1 
11 
11 
11 
11 
11 
" 
" 
" 
11 
11 
11 
11 
I1 
11 
n 
I1 


"Refresh 
Counter 
2 


state_diagram 
REFCT2 
state 
ZO: 
if(Q~) 
then 
Z15 
else 
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state 
Z9: 
if (Q3) 
then 
Z15 
else 
if {!Q3 
& 
(REFCT1 
ZO) ) then 
z8; 
else 
Z9; 


state 
Z10: 
if (Q3) 
then 
Z15 
else 
if {!Q3 
& 
(REFCT1 
ZO) ) then 
Z9; 
else 
Z10; 


state 
Z11: 
if{Q3) 
then 
Z15 
else 
if {!Q3 
& 
(REFCT1 
ZO) ) then 
Z10; 
else 
Zll; 


state 
Z12: 
if (Q3) 
then 
Z15 
else 
if {!Q3 
& 
(REFCT1 
ZO) ) then 
zll; 
else 
Z12; 


state 
Z13: 
if (Q3) 
then 
Z15 
e1se 
if {!Q3 
& 
(REFCT1 
ZO) ) then 
Z12; 
else 
z13; 


I 
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state 
Zl4: 
if (Q3) 
then 
Zl5 . 


else 


.if( !Q3 
& 
(REFCTl 
== 
ZO)) 
then 
Z13; 


else 
Zl4; 


state 
Zl5: 


if (Q3) 
then 
Zl5 
else 
if (!Q3 
& 
(REFCTl 
ZO) ) then 
Zl4; 


else 
Zl5; 


,- 
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"Equations 


EQUATIONS 


/ [Q3,Q2,Ql,QO, 
!SELA, !SELB, !READY, !LA2, !ACC_PEND).clk 
[Q3 ..QO).RE 
= RESET; 
[!LA2, !ACC_PEND, 
!READY, !SELA, !SELB) .PR 
= RESET; 


CLKl; 


"Indicates 
wait 
state 
cycles 


WAIT 
= 
(CYCLE 
IDLE) 
& W_R 
# 
(CYCLE 
ACCESSO) 
& W_R 
# 
(CYCLE 
ACCESS!) 
& W_R 
# 
(CYCLE 
ACCESS2) 
& W_R 
# 
(CYCLE 
ACCESS3) 
& W_R 
& 
!LA2; 


[!MUX, !RASE, !RASO, !CASEE, !CASOO,A3E,A30, 
!REFEVEN).clk 
= CLK2; 


[!MUX, !RASE, !RASO, !CASEE, !CASOO,A3E,A30, 
!REFEVEN).pr 
= RESET; 


[!CASEBO, 
!CASEBl, !CASEB2, !CASEB3, !CASOBO, !CASOBl, !CASOB2, !CASOB3).clk 
CLK2; 


[T3,T2,Tl,TO,S3,S2,Sl,SO) 
.clk 
= CLKl; 
[T3,T2,Tl,TO,S3,S2,Sl,SO).pr 
= RESET; 


"Refresh 
required 
indicator 


REFREQ 
!T3 & !T2 & !Tl & !TO & !S3 & !S2 & !Sl & !SO; 


"FLASH 
Chip 
Select 


FLASHCS:= 
ADS 
& FLASHADDR 
& !APK_ACTIVE 
# 
!ADS & !BLAST 
& FLASHCS; 


"FLASH 
OE 
control 


FLASHRD 


"XCR 
OE 
control 


XCROE.- 
FLASHCS 
& !BLAST 
& !APK_ACTIVE 
# 
!ADS & LEDADDR 
& !BLAST; 


"XCR 
DIR 
control 


" Software 
reset 
indicator 


SWRST 
:= 
ADS 
& SWRSTADDR 
# 
!ADS & !BLAST 
& SWRST; 


I 
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WRO 
= 
!Q3 & !W_R & RASE; 


[!FLASHCS, 
!XCROE, !SWRST, !TRIGRST,LED_LAT,SRASEj 
.clk 


[!FLASHCS, 
!XCROE, !SWRST, !TRIGRSTj 
.pr = RESET; 


LED_LAT.RE 
= RESET; 


CLKl; 


Triggers 
the 
7705 
Reset 
Device 


TRIGRST 
:= TRIGRST; 


TRIGRST.RE 
= SWRST; 


"Pulse 
to 
the 
HEX 
DISPLAY 


LED_LAT 
:= 
!ADS & LEDADDR 
& XCROE 
& !BLAST; 


"Latched 
RASE 
or 
RASO 


SRASE 
:= RASE 
# RASO; 


"DRAM 
data 
path 
OE 
control 
while 
reading 


RDEN 
= 
!Q3 & 
W_R 
& RASE; 


"Even 
DRAM 
data 
path 
control 
while 
writing 


WRE 
= 
!Q3 & !W_R & RASE; 


"Odd 
DRAM 
data 
path 
control 
while 
writing 


"Latched 
external 
reset 


RESET 
:= EXTRST; 


RESET.CLK 
= 
CLK1; 


" Test 
vectors 


end 
CX33T 
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A3E 
4 
LA2 
5 


A30 
4 
WAIT 
2 


ADEN 
1 
AEFEVEN 
6 


SELA 
4 
T3 
2 


MUX 


I 
2 
T2 
8 


03 
3 
T1 
7 


02 
8 
TO 
6 


01 
9 
S3 
5 


00 
8 
S2 
4 


CASEB3 
3 
S1 
3 


CASEB2 
3 
SO 
2 


CASEB1 
3 
AEFAEO 
1 


CASEBO 
3 
SWAST 
2 


CASOB3 
3 
SAASE 
1 


CASOB2 
3 


CASOB1 
3 


CASOBO 
3 


FLASHCS 
2 


FLASHAD 
1 


TAIGAST 
1 


XCAOE 
2 
. 


XCADIA 
1 


AESET 
1 


WAE 
1 
. 


WAO 
1 


LED_LAT 
1 


SELB 
4 
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1.0 
INTRODUCTION 


This application note describes a simple DRAM controller 
for use with 25 and 16 MHz i960@Cx processors. Other 
application notes are available which describe DRAM 
controllers for the i960 Cx and 1x processors; see Section 
7.0, RELATED INFORMATION for ordering information. 


This document contains general DRAM controller theory, 
state machine definitions and timing diagrams. It also 
contains the PLD equations used to build and test the 
prototype design. All timing analysis was verified with 
Timing Designer*. PLD equations were implemented in 
ABEL* as a device-independent design. Design features 
include: 


a simple low-cost non-interleaved design 


an ability to use st.andard70 ns DRAM SIMM* 


2-1-1-1 wait state burst reads 


2-1-1-1 wait state burst writes 


This design was implemented and tested on real hardware. 
The timing analysis, schematics and PLD files are available 
through Intel's America's Application Support BBS, at 
(916) 356-3600. 


1.1 
Design Goals 


The primary goal of this design is to implement a single 
bank 32-bit DRAM controller with the minimum number of 
components, using a conventional 72-pin fast page mode 
DRAM SIMM. Such a design may be useful in small 
embedded systems where space is at a premium. Accord- 
ingly, the controller design avoids such techniques as bank 
interleaving, write posting, and parity support. The state 
machines require only a Ix frequency clock - no frequency 
multipliers or delay elements are needed. As tested, the 
controller also generates the basic control signals needed to 
support flash memory, SRAM, and 110 peripherals residing 
on an 8-bit buffered bus. 


Although an Altera* EPX740 FLEXlogic device was.used 
to design the prototype, none of the advanced features of 
the FLEXlogic family were used, making the design easy to 
port to other programmable logic families. Appendix B 
describes a specific implementation in simple PLDs. 


1.2 
PageMode DRAMSIMMReview 


Page mode DRAM allows faster memory access by keeping 
the same row address while selecting random column 
I 
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addresses within that row. A new column address is 
selected by deasserting CAS while keeping RAS active and 
then asserting CAS with the new column address valid to 
the DRAM. Page mode operation works very well with 
burst buses in which a single address cycle can be followed 
by multiple data cycles. 


The individual DRAM WE signals are tied to common WE 
pin on the SIMM; this requires the use of early write cycles. 
In an early write cycle, write data is referenced to the 
falling edge of CAS, not the falling edge of WE. 


Each SIMM also has four CAS lines, one for every eight 
(nine) bits in a 32-bit (36-bit) SIMM module. The four 
CAS lines control the writing to individual bytes within 
eachSIMM .. 


1.3 
Burst Capabilities for 32·Bit Bus 


A bus access starts by asserting ADS in the address cycle, 
and ends by asserting BLAST in the last data cycle. 
Figure I shows.ADS and BLAST timings for a quad-word 
access. 


PCLK 
[ 
, 
:u 
' 
, 
, 
BLAST 
[ 


031:0 [-:-----i---{ 


Figure 1. Quad-Word Access Example Showing 


. ADS and BLAST Timings 


2.0 
DRAMCONTROLLEROVERVIEW 


Figure 2 shows a block diagram of a typical system using 
this DRAM controller. The design comprises four distinct 
blocks: control logic, address path, data path, and the 
DRAM SIMM. This section describes each block. 


1-501 


AP-704 


2.1 
ControlLogic 


The 
controller 
consists 
of 
several 
state 
machines 
implemented in a programmable logic device (PLD). All 
state machines are driven by the processor's Ix PCLK. 


Design of this controller began by sketching out the desired 
DRAM control signals on paper, using PCLK as a time 
base. Individual state machines were then defined by 
observing the points on the waveforms where the various 
control signals needed to assert 
and deassert. These 
conditions were then recorded as Boolean expressions and 
transferred to ABEL syntax. 


Rather than creating a large state machine to define 
numerous control outputs, this design uses a large number 
of simple (two-state) machines - 
one for each output 
signal. This technique was chosen to reduce the number of 
PLD resources required. 


The 
DRAM 
controller 
performs 
address 
decoding 
internally. The address bus' upper three bits determine if a 
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processor cycle is to be handled by the DRAM controller. If 
a finer range is required, additional address bits can be 
decoded or an external decoder can be added. 


Byte and short writes are supported with individual CAS 
signals, one for each byte of the 32-bit memory. Unaccessed 
bytes during write cycles see a RAS only refresh cycle. All 
write cycles are "early writes", where WE is asserted prior 
to CAS. 


Refresh cycles are generated approximately every 15 us by 
dividing down an external 1.8432 MHz baud rate clock. 
Other refresh clock frequencies can be accommodated with 
minimal changes. CAS before RAS refresh cycles are used. 


Wait states are inserted by the DRAM controller by 
providing a READY signal to the processor. If additional 
ready controls are needed for other peripherals, they can be 
externally OR'ed 
with the DRAM controller's 
DRDY 
output. 
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Figure 2. Typlc8.1DRAM Controller Design 
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2.2 
Address 
Path 


DRAM 
address 
multiplexing 
is provided 
by two 74F258 
quad 2: I multiplexers. 
These 
devices 
switch 
the upper 
8 
bits 
of the 
IO-bit 
DRAM 
address 
bus. 
The 
lower 
two 
address 
bits are generated 
in the PLD 
to provide 
faster 


column 
address 
during the page mode bursts. The address 
multiplexers 
also provide 
buffering 
for the capacitive 
load 
of the DRAM SIMM. 


Use of larger SIMMs 
would require 
an additional 
74F258 
to switch the extra address lines. 


2.3 
Data Path 


The DRAM data path is unbuffered. 
All other peripherals 
in 
this 
example 
are 
8-bit 
devices 
and 
are 
buffered 
via 
a 
74F245 
transceiver. 
This eliminates 
the data buffer 
delay 
from the DRAM-critical 
path and places 
it in the slower 
(and less critical) 
I/O path. It also reduces 
the number 
of 
required 
74F245 transceivers. 
Since the DRAM array is the 
only 32-bit device in the design, 
the DRAM 
devices 
see a 
very 
lightly 
loaded 
data 
bus 
- 
just 
the 
CPU 
and 
the 
74F245 I/O buffer. 


2.4 
SIMMS 


The SIMM 
block consists 
of one standard 
72-pin 
SIMM 
socket. This design does not use the x36 SIMM parity bits. 
However, 
the 
x36 
SIMMs 
are 
standard 
for 
PCs 
and 
workstations; 
as such, they are readily 
available. 
The only 
penalty is more loading on the address and control lines due 
to the extra DRAM devices of the x36 SIMM. 


All address and control lines use series-damping 
resistors to 
control ringing. 


3.0 
THEORY OF OPERATION 


The controller 
generates 
the following 
signals: 


RAS - 
DRAM row address strobe, active low 


CAS3:O - 
Four column 
address 
strobes, 
one for each 
byte, active low 


MUX - 
Control 
signal 
for the 74F258 
row/column 
address multiplexers 


I5iU5Y - 
READY control to the i960 Cx processor 


The DRAM controller 
uses the processor's 
READY 
signal 
to control 
wait states. 
The processor's 
MCON 
register 
is 
I 
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initialized 
as follows: 
NXAD = NXDA = NXDD = 0, READY 
enable = I, Burst Enable = I. 


Figure 3 
shows 
non-burst 
read 
and 
write 
cycles. 
The 
DRAM 
controller 
begins 
a processor 
cycle 
when 
it sees 
ADS and a valid address 
range on the upper 
address 
bits 


A31 :29. This occurs on the rising edge of PCLK that ends 
the address 
state (Ta) of the bus cycle. On this same edge 
RAS is asserted. 
One clock later the address 
multiplexer 
is 


swit~hed 
with the assertion 
of the 
MUX 
signal. 
On the 
following 
clock 
one 
or 
more 
of 
the 
CAS 
signals 
are 
asserted, 
based 
on which 
byte enables 
are driven 
active. 


CAS is low for one clock. 


If a burst 
cycle 
is requested, 
CAS 
is deasserted 
for one 


clock (hence the one wait state) and reasserted 
for- another 
clock. 
This 
process 
repeats 
until 
BLAST 
is asserted, 
as 


shown in Figure 4. 


Reads and writes are handled 
exactly 
the same way by the 
RAS 
and 
CAS 
state 
machines. 
DRAM 
WE 
control 
is 
provided 
by the processor's 
W/R. 


Refresh 
cycles, 
as 
shown 
in 
Figure 5, 
start 
with 
the 
assertion 
of all four CAS's. One clock later RAS is asserted 


and, on the following 
clock, the CAS's 
are deasserted. 
On 
the next clock 
RAS is deasserted. 
To provide 
ample 
row 
precharge 
time, a subsequent 
processor 
cycle does not start 
until RAS is high for at least two clocks. 
Refresh requests 


are recognized 
during 
idle bus clocks 
(Tj) 
or during 
the 


address 
state 
(Ta) that 
starts 
a processor 
cycle. 
Refresh 
requests 
are given priority 
over processor 
requests. 
Once a 


refresh cycle starts, processor 
requests 
are delayed until the 


refresh 
completes. 
An 
example 
of this 
can 
be seen 
in 
Figure 8. 
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Figure 3. Single Word Read and Write Cycles 
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Figure 4. Quad Word Read Cycle 
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Figure 5. CAS-Before-RAS 
Refresh 
Cycle 


4.0 
STATE MACHINE DESCRIPTIONS 


This section details the operation 
of each state machine that 
this design 
uses. All machines 
are "Mealy" 
machines, 
in 
which the current output is a function 
only of current state. 


These machines 
can be easily implemented 
in the conven- 


tional D flip-flop macrocells 
in common 
PLDs. 


Most state machines 
in this design have only two states. The 
machine 
transitions 
from 
one 
state 
to 
another 
upon 


satisfying 
a Boolean expression; 
otherwise, 
it remains in the 


current state. These expressions 
consist of: 


assertion 
conditions 
- 
the machine 
transitions 
from 
the deasserted 
(off) state to the asserted (on) state; and 


deassertion 
conditions 
- 
the machine transitions 
from 
the asserted (on) state to the deasserted 
(off) state 


To illustrate 
these conditions, 
several 
timing 
diagrams 
are 


shown included in this section. Each equation 
is tagged with 
a number 
in square 
brackets 
"[ l ". Use these numbers 
to 


identify the corresponding 
points in the timing diagrams. 


All PLD' equations 
are written 
in ABEL. 
APPENDIX 
A, 
PLD EQUATIONS, 
contains 
a listing of the PLD equations 


file. The state machine 
transitions 
described 
here follow the 
ABEL conventions 
for logic operators. 


represents 
NOT, bit-wise negation 


& 


# 


represents 
AND 


represents 
OR 
I 


All signals 
appearing 
in logic equations 
are assumed 
to be 


active high. Many of the PLD outputs are active low; when 
these 
appear 
on 
timing 
diagrams, 
the 
signal 
names 
are 


denoted 
with an overline 
(such as RAS). 


4.1 
RAS State Machine 


The RAS state machine 
operates 
in one of two modes: 
one 


for CPU cycles 
and another 
for refresh 
cycles. 
Two other 


state machine 
inputs are used: 


REF _REQ 
state 
machine 
- 
indicates 
that a refresh 


request is pending 


REF_CYC 
state 
machine 
- 
indicates 
that a refresh 


cycle is actually underway 


The RAS state machine 
is responsible 
for recognizing 
the 


start of processor 
cycles. When the DRAM controller 
is idle 


(and 
the 
RAS 
precharge 
time 
has 
been 
met), 
RA~ 
is 


asserted 
when AI5S' is asserted 
and the upper 
address 
bits 


indicate a DRAM address select: 


(ADS & DRAM 
& !MUX & !REF_REQ) 
[1] 


The !MUX term keeps RAS from being asserted 
until MUX 


is deasserted, 
which provides 
the minimum 
2 PCLK 
RAS 


precharge 
time. 


The term 
!REF _REQ 
keeps a processor 
cycle from being 


recognized 
when a refresh request 
is pending, 
which gives 


priority to refresh cycles. However, 
if the DRAM controller 
is running 
a refresh 
cycle 
when 
this occurs, 
ADS 
is no 
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longer present when the controller 
needs to start a processor 
cycle. 
To this 
end, 
the 
RAS 
state 
machine 
relies 
upon 
another 
state machine, 
CPU_CYC, 
to "remember" 
that a 
processor 
cycle has been requested 
but not yet serviced. 
To 
start processor 
cycles 
when this occurs, 
another 
assertion 
condition 
is needed: 


(CPU_CYC 
& 
!REF_CYC) 
[2] 


The! 
REF _CYC term prevents 
false triggering 
of the RAS 
state machine during refresh cycles. 


RAS deasserts 
after the last data is transferred, 
which 
is 
denoted 
by 
the 
processor's 
BLAST 
and 
the 
DRAM 
controller's 
DRDY 
being 
both 
asserted. 
DRDY 
is 
only 
generated 
during 
CPU 
cycles, 
so no 
conditioning 
with 
REF _CYC is needed. 


(BLAST 
& 
DRDY) 
[3] 


During refresh, 
the CAS state machines 
start the cycle and 
the RAS machine 
operates 
as a slave. For a CAS-before- 
RAS refresh cycle, RAS is asserted 
one clock after CAS is . 


asserted 
and 
RAS 
is deasserted 
one clock 
after 
CAS 
is 
deasserted. 
Since all four CAS's are asserted 
during refresh, 
only one (in this case CASO) is needed 
to trigger the RAS 
state machine. 
The assertion 
condition 
during refresh cycles 
. 


is: 


(CASO & REF_CYC) 
[4] 


Deassertion 
is: 


(!CASO 
& REF_CYC) 
[5] 


At this point the two operating 
modes of the RAS machine 
are 
combined 
and 
a single 
set 
of 
assertion/deassertion 
equations 
can be written. Assertion 
conditions 
are: 


(ADS & DRAM & !MUX & !REF_REQ) 
[1] 


# 
(CPU_CYC 
& !REF_CYC) 
[2] 


# 
(CASO & REF_CYC) 
[4] 


Deassertion 
conditions 
are: 


(BLAST 
& DRDY) 
[3] 


# 
(!CASO 
& REF_CYC) 
[5] 


The following 
figures 
illustrate 
these 
conditions 
superim- 
posed on timing 
diagrams. 
Figure 7 shows the added 
wait 
state 
needed 
for RAS 
precharge 
when 
two 
CPU 
cycles 
occur back-to-back. 
Figure 8 shows 
what happens 
when a 
refresh 
cycle 
preempts 
a CPU 
cycle. 
In this 
case 
four 
additional 
wait states are inserted. 
Figure 9 shows 
refresh 
cycles. 
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(ADS & DRAM & !MUX & !REF _REO) 
# (CPU_CYC 
& !REF _CYC) 
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Figure 6. RAS State Machine 
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.Figure 7. 
RAS State Machine 
Transitions· 
Back·ta-Back 
Processor 
Cycles 
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Figure 9. 
RAS State Machine 
Transitions· 
Refresh 
Cycles 


4.2 
MUX State Machine 


The MUX state machine delays RAS by one clock. This 
switches the address multiplexer from "row" to "column" in 
time for the column address to stabilize before CAS asserts. 
It also provides an additional timing signal for use in other 
state machines; e.g., in the CAS state machine. l'VlUX helps 
provide the additional delay clock between RAS and the 
assertion of~. 
The assertion condition for1JUX is: 


(RAS) 


The deassertion condition is: 


(!RAS) 


Figure 
10. 
MUX State Machine 


4.3 
CAS State Machines 


Four nearly-identical CAS state machines (CASO. CASI. 
CAS2. and CAS3) provide the column address strobes for 
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the individual bytes in the DRAM array. They differ only in 
which byte enable signal is used to qualify their output. 


Like the RAS state machine. the CAS state machines 
operate in one of two modes: CPU cycles and refresh 
cycles. During CPU cycles. the CAS state machines operate 
as a slave to the RAS machine. asserting CAS two clocks 
after RAS. The two-clock delay is generated by waiting 
until both RAS and MOX are asserted. Thus the assertion 
condition for a CPU cycle is: 
. 


(RAS & MUX 
& BEn & 
!REF_CYC) 
[6] 


where Irnii stands for one of the four byte enables: BEU. 
BEl. BE2. or BE3. Since CAS is only asserted for a single 
clock. CAS is deasserted on the next clock edge. The 
deassertion condition is degenerate: 


(!REF _CYC) 
[7] 


When it is time to do a refresh. the CAS machines begin the 
cycle. the RAS machine acts as a slave. The refresh 
arbitration is done in a separate state machine: REF_REQ. 
Refresh cycles begin when a refresh request is requested 
and the DRAM controller is not running' a CPU cycle. This 
occurs during the address state (Ta)and idle bus clocks (Tj). 
The assertion condition for ~ 
during refresh is: 


(REF_REQ 
& !CPU_CYC) 
[8] 


The deassertion condition is (see (4) in Figure 13): 


(RAS & REF_CYC) 
[9] 


CAS is deasserted one clock after RAS goes low. 
I 
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The CPU refresh modes can now be combined into a single 
set to generate the state diagram s~own in Figure 11. 
Assertion conditions are: 


(RAS & MUX & BEn & iREF_CYC) [6] 


# 
(REF_REQ & iCPU_CYC) [8] 


(iREF_CYC) [7] 


# 
(RAS & REF_CYC) 
[9] 


Deassertion: 


(RAS & MUX & BEn & IREF_eyc) 


# (REF _REO & ICPU_CYC) 
./ 


Figure 11. 
CAS State Machines 
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Figure 13. CAS State Machine Transitions· 
Refresh Cycles 


4.4 
DRDY State Machine 


The DRDY state machine generates READY for the 
processor. I5JiI5Y is asserted simultaneously with ~ 
during processor cycles. Thus, the DRDY state machine 
resembles a CAS machine, except for: DRDY is not 
conditioned with byte enables, and it is not asserted during 
refresh. Assertion occurs when RAS and MUX are both 
active during non-refresh cycles: 


(RAS & MUX 
& !REF_eye) 
(10) 


Deassertion is one clock later: 


(!REF_eye) 
(11) 


To provide for DRDY deassertion at power-up, and addi- 
tional term is added: 


RESET 


~ 
(IREF _CYC) 
(RAS & MUX & IREF 
CYC) 
'(RESEl].8. - 


Figure 14. DRDY State Machine 
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4.5 
CPU_CYC State Ma~hine 


This 
machine 
tracks 
processor 
requests 
to 
DRAM. 


CPU_CYC goes active after the address state (Ta)of a CPU 
cycle and goes inactive after the last data state (Td). 
CPU_CYC is inactive during Taand all idle bus clocks (Tj). 
Several state machines use CPU_CYC and its "sister", 
REF_eyc, to control their operation. 


CPU_CYC is asserted when ADS is active and the upper 
three address bits match the DRAM region: 


(ADS & DRAM) 
(12) 


It is deasserted when DRDY is returned in the last data 
transfer or when RESET is asserted: 


(BLAST 
& 
DRDY) 
(13) 


(ADS & DRAM) 


Figure 15. CPU_CYC State Machine 
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Figure 16. CPU_CYC and ORDV State Machine Transitions 


4.6 
REF_CYC State Machine 
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Figure 17. REF_CYC State Machine 


The REF_CYC State Machine indicates when the DRAM 
controller is performing a refresh cycle. Refresh cycles are 
requested by another state machine, the REF_REQ state 
machine, every 15 us. Refresh cycles may begin during any 
idle bus clock (Tj) or during the address state (Ta)that starts 
a processor bus cycle. If a refresh request occurs during a 
processor cycle, REF_eyC is not asserted until the next Tj 
or Tastate. 


An idle bus and the address state look the same to the 
REF_CVC state machine. Both are signified by having 
CPU_eyC deasserted. 


The assertion conditions for REF _eyC are: 


(!CPU_CYCLE 
& REF_REQ) 
[14) 


REFj:VC 
is not deasserted until RAS has returned high 


after the refresh cycle. Since RAS is high during the first 
clock of a refresh cycle, the deassertion condition includes 
FJUX to keep REF_Cye from going prematurely inactive. 
The deassertion conditions are: 


(!RAS 
& MUX) 
[15) 


Figure 18 shows the worst case delay-of a processor cycle 
due to a DRAM refresh. Figure 19 shows the worst case 
delay of a refresh cycle due to a processor cycle. 
I 
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Figure 18. 
REF _CYC Transitions 
Where 
Refresh 
Cycle Delays Processor 
Cycle 


processor --.l 


cycle 
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4.7 
REF_REQStateMachine 


The REF_REQ state machine is an edge-detected version of 
the refresh counter's most significant bit. It is also synchro- 
nized to PCLK. REF_REQ is asserted as soon as the 
counter 
(M) 
is 
set 
and 
HOLDOFF 
is 
deasserted. 
HOLDOFF, as shown below, prevents REF_REQ from 
being reasserted until R4 changes state. REF_REQ is 
deasserted as soon lIS a refresh cycle is actually started. 
Assertion conditions are: 


(R4 & !HOLDOFF) 
[16] 


Deassertion conditions are: 
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Figure 20. 
REF _REQ State Machine 


4.8 
HOLDOFFStateMachine 


Figure 21. 
REF _REQ State Machine 
Transitions 


As noted in Section 4.7, the HOLDOFF state machine 
provides an edge-detect function for the REF_REQ input. 
HOLDOFF is asserted during a refresh cycle at the point 
when RAS is asserted. HOLDOFF assertion prevents 
another 
refresh 
cycle 
from 
being 
requested 
by 
the 


REF_REQ state machine until the refresh timer R4 is 
deasserted. Assertion conditions are: 


(REF_CYC)' 
[18] 


Deassertion conditions are: 


(!R4) 
[19] 


I 


Figure 22. 
HOLDOFF 
State Machine 
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Figure 23. HOLDOFF 
State Machine 
Transitions 


4.9 
Burst Address 
(DRAO, DRA1) State 
Machine 


The burst address 
state machine, 
one of the more complex 


machines 
in 
the 
DRAM 
controller, 
is 
responsible 
for 
generating 
the two low-order 
address 
bits for the DRAM 


array. It functions 
as a multiplexer 
during the first part of the 
cycle to provide processor 
address bits A 12 and A II as part 


of the row address. 
During 
the data cycles 
it provides 
a 


synthesized 
version 
of 
processor 
bits' 
A3 
and 
A2. 


Generating 
A3 and A2 in the state 
machine 
reduces 
the 
delay in the critical path from column address to data out. 


The 
address 
generation 
requires 
a four-state 
machine 
to 


track 
the 
bus 
cycle, 
plus 
some 
combinatorial 
-logic 
to 
provide 
the multiplexer 
function. 
This combinatorial 
logic 
adds to the normal 
output valid delay of the state machine, 


but is quicker 
than an external 
multiplexer. 
The four states 
are: 


I. Multiplexer. 
In this state pass AI2 and All 
or A3 and A2 


(based 
on 
the 
MUX 
signal) 
to the 
outputs 
DRAI 
and 
DRAO. 


2. State "I". Drive DRAI = 0, DRAO = I. 


3. State "2". Drive DRAI = I, DRAO = O. 


4. State "3": Drive DRAI = I, DRAO = I. 
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The "idle" state is the multiplexer 
state. Transitions 
between 


states must track the type of bus cycle run by the processor 
to produce the proper address bits. 


Single 
accesses 
(bytes, 
shorts, 
and 
words) 
stay 
in 
the 
multiplexer 
state -.no burst address generation 
is needed. 


Double word accesses 
may be to word addresses 
0 - I or 2 - 


3. Double word accesses that start at word address 0 start in 
the multiplex 
state 
(to allow 
address 
0 to flow through), 


move to state "I" 
to provide 
word address 
I, then return to 


the 
multiplexer 
state 
(idle). 
Accesses 
that 
start 
at word 
address 2 jump from the multiplexer 
state to state "3" before 
returning 
to idle. 


Triple word accesses, 
by definition, 
always start with word 
address 
O. They transition 
from multiplexer 
state, state "I", 


state "2", and then back to idle. 


Quad word accesses 
always begin with word address 
0 and 
cycle though all four states in order. 


The machine 
stays 
in the multiplexer 
state until 
a multi- 


word bus cycle is detected (DRDY asserted while BLAST is 
deasserted). 
Based on the state of A3 and A2 during the first 


access, it advances 
to either state "I" or state "3". While in 


state "I" through "3" it returns to the multiplexer 
state when 


the bus cycle ends (DRDY and BLAST asserted). 


I 


intel· 


The Slate machine is defined in a "present 
state - next state" 
syntax as follows: 


STATE_MUX: 


!A3 & !A2 & DRDY 
& !BLAST-> 
STATE_l 
A3 & !A2 & DRDY 
& !BLAST-> 
STATE_3 
else 
-> 
STATE_MUX 


STATE_l: 


DRDY & !BLAST-> 
STATE_2 
DRDY 
& BLAST-> 
STATE_MUX 
else 
-> 
STATE_l 


STATE_2: 


DRDY & !BLAST-> 
STATE_3 
DRDY 
& BLAST-> 
STATE_MUX 
else 
-> 
STATE_2 


STATE_3: 


DRDY 
& BLAST-> 
STATE_MUX 
else 
-> 
STATE_3 


While in the MUX state, DRAI 
and DRAO are either the 
row address (A12 and All) 
or the column 
address (A3 and 
A2) based on the MUX signal. When in states I through 
3, 
DRAI 
and DRAO are the binary 
value of those states, as 
follows.. 


DRAl 
- = 
(STA'I:E_MUX& 
!MUX 
& 
A12) 
# . 


(STATE_MUX 
& MUX 
& A3) 
# 
STATE_2 
# STATE_3 


DRAO 
= 
(STATE_MUX 
& 
!MUX & All) 
# 
(STATE_MUX 
& MUX 
& A2) 
# 
STATE_l 
# STATE_3 


I 
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2 
(A3 & !A2 & DRDY &!BLAST) 
,'OR:::/ 


Figure 24. 
ORAO, ORA 1 State Machine 


4.10 
Refresh Divider State Machine 


The 
1.8432 
MHz 
baud 
rate 
clock 
is divided 
by 
28 to 
produce a REF _REQ with a 15 flS period. This is performed 
by a five-bit binary up counter. R4 is the most significant 
bit 
of the counter. 
See APPENDIX 
"A for -details. 
Use of a 
different 
refresh 
clock 
frequency 
would 
require 
adjusting 
the division ratio to maintain 
the 15 us period. 


This state machine may be replaced with an external refresh 
timer. 
In this case, 
an asynchronous 
square 
wave 
with a 
period of 15 us may be substituted 
for the R4 input to the 
REF _REQ and HOLDOFF 
state machines. 
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Figure 25. ORAO, 1 Burst Address 
State Transi.tions 
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4.11 
Read Strobe State Machine 


This state machine 
produces 
a general-purpose 
read strobe 
(RD) 
for FLASH 
memory, 
SRAM, 
and other 
110 periph- 
erals. 
RD is asserted 
at the start of all read cycles without 
any address qualification. 
RD is deasserted 
when BLAST is 
issued by the processor. 
It is assumed 
that the internal i960 
ex processor's 
wait state generator 
is used to control 
all 
such bus cycles, since no READY is generated 
by this logic. 


RD assertion 
conditions 
are: 


(ADS 
& 
!W/R) 
[20] 


Deassertion 
conditions 
are: 


(BLAST) 
[21] 


Additionally. 
RD 
is 
deasserted 
upon 
power-up 
by 
the 
RESET signal. 
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Figure 26. 
RO (Read Strobe) 
State Machine 
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Figure 27. 
RD State Machine 
Transitions 


Transceiver 
Control 


r, 


I 
...----- 
write------l.~1 


5.0 
COMBINATORIAL 
OUTPUTS 


The 
few 
remaining 
general-purpose 
controis 
can 
be 


generated 
from processor 
signals with simple combinatorial 


logic. 
Among 
these 
are the SRAM 
and 110 write 
strobe 


(WR): 
the DRAM 
write enable 
(WE), and the transceiver 


output enable (2450E). 


5.1 
1/0 Write Strobe 


For regions 
controlled 
by the internal 
wait state generator 


with more than one wait state, the processor's 
WAIT signal 


can 
be used 
to generate 
a suitable 
write 
strobe 
for 110 


peripherals 
(see Figure 28): 


WR# 
= 
(W/R & WAIT) 


5.2 
DRAM Write Enable 


An inverted 
version 
of the processor's 
WIF.. signal 
can be 
used for this purpose 
with one modification. 
Most DRAMs 


require 
that WE is high (deasserted) 
during refresh 
cycles. 


Since 
refresh 
cycles 
may 
occur 
while 
the 
processor 
is 
waiting 
to perform 
a DRAM 
access, the state of the W/R 


signal cannot be guaranteed. 
Accordingly 
WIF.. needs to be 


gated with REF _CYC as follows: 


WEt 
= 
(W/R & !REF_CYC) 


I 


5.3 


In the tested design, an 110 transceiver 
isolates the 8-bit 110 


bus 
from 
the 
processor 
and 
DRAM 
array. 
The 
74F245 


device 
requires. 
two 
controls: 
a direction 
select 
and 
an 
output 
enable. 
To eliminate 
bus contention, 
the direction 


should 
be 
changed 
only 
when 
the 
output 
enable 
is 


deasserted. 


Direction 
select is taken directly 
from the processor's 
DT/R 


control. 
Output enable is generated 
by a combination 
of the 


processor's 
DEN signal and an address 
decode 
of the upper 


address bits. This defines a section of memory 
that activates 


the transceiver, 
keeping 
it from 
interfering 
with 
DRAM 


cycles. 


OE245# 
= 
(DEN & IO_DECODE) 
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6.0 
CONCLUSION 


In conclusion, 
this 
application 
note 
describes 
a simple 
DRAM 
controller 
for use 
with 
i960 CAJCF 
16/25 MHz 
processors. 
This DRAM 
controller 
was built and tested for 
validation 
purposes. 
The PLD equations 
used to build and 
test the prototype 
design were created in ABEL. All timing 
analysis 
was verified 
with Timing 
Designer. 
Schematics 
were created with OrCAD. 
The timing analysis, 
schematics 
and 
PLD 
files 
are 
available 
through 
Intel's 
America's 
Application 
Support BBS. 


7.0 
RELATED INFORMATION 


This 
application 
note 
is one 
of four 
that 
are related 
to 
DRAM 
controllers 
for the i960 processors. 
The following 
table shows the documents 
and order numbers: 


Document 
Name 
App. 
Order 
Note # 
# 


DRAM Controller for the 40 MHz i960(!D AP-706 
272655 
CF Microprocessors 


DRAM Controller for the i960(!DJx Micro- 
AP-712 
272674 
processors 


DRAM Controller for 33 MHz i960(!D 
AP-703 
272627 
CA/CF Microprocessors 


To receive 
these 
documents 
or any other 
available 
Intel 
literature, 
contact: 


Intel Corporation 
Literature 
Sales 
P.O. Box 7641 
Mt. Prospect 
IL 60056-7641 
1-800-879-4683 


To receive files that contain the timing analysis, 
schematics 
and PLD equations 
for this and the other DRAM controller 
application 
notes, contact: 


Intel Corporation 
America's 
Application 
Support BBS 
916-356-3600 


I 
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PLO EQUATIONS 
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Table A-I contains 
the PLD equations 
which were used to build and test the prototype 
design. Table A-I defines 
signal 


and product term allocation. 
The PLD equations 
were created in ABEL as a device-independent 
design. Using the ABEL· 
software, 
a PDS file was created and subsequently 
imported 
into PLDSHELL * software. 
PLDSHELL 
was used to fit the 
design into an Altera EPX780 
FLEXlogic· 
PLD. PLDSHELL 
was also utilized to create the JEDEC 
file, and to simulate 
the design. 


In addition, 
this appendix 
contains a table listing the number of product terms used by each macrocell. 


Table A-1. 
33 MHz Simple DRAM Controller 
PLO Equations 
(Sheet 
1 of a, 


module 
DRAM 
title 
'960CA 
DRAM 
Controller 
(21121) 


Rick 
Schue 
Intel 
Corp. 
01/25/95' 


H, L, Ck ,X = 
1, 
0 , 
.C ., 
.X. ; 


" Device 
in9,ependent 
design 


" input 
pin 
assignments 


PCLK 
REFCLK 
!ADS 
!BLAST 
!RESET 
A3l 
A30 
A29 
A12 
All 
A3 
A2 
!BE3 
!BE2 
!BE1 
!BEO 
!READ 
!WAIT 
!DEN 


output 
pin 


!RAS 
!CAS3 
!CAS2 
!CASl 
!CASO 
DRA1 
DRAO 
!DRDY 
!MUX 
!WE 


pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
pin; 
'pin; 
pin; 
pin; 
pin; 
pin.; 


assignments 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 


ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 
ISTYPE 


'reg' ; 
'reg' ; 
'reg' ; 
'reg' ; 
'reg' ; 
'corn' ; 


I corn I; 
'reg' ; 


'reg'i 


I corn 
I i 


" 25.000 
MHz 
clock 
for 
state 
variables 
" 1.8432 
MHz 
clock 
for 
refresh 
timer 


" CPU 
ADS# 
control 
CPU 
BLAST# 
control 
system 
reset 
(active 
low) 
" CPU 
address 
lj.nes 


address 
lines 
used 
to 
generate 


" DRA1,O 


" CPU 
byte 
enables 


" CPU 
W!R# 
control 
" CPU 
WAIT# 
control 
" CPU 
DEN# 
control 


" DRAM 
RAS 
" DRAM 
CAS 
" DRAM 
CAS 
" DRAM 
CAS 
" DRAM 
CAS 
" DRAM 
address 
outputs 
(combinatorial) 
" DRAM 
address 
outputs 
(combinatorial) 


" DRAM 
ready 
" row/column 
control: 
l=row 
O=col 
" DRAM 
WE# 


, 


( 


. 


I 
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Table A·1. 
33 MHz Simple DRAM Controller 
PLD Equations 
(Sheet 2 of ~ 


lRD 
lWR 
IOE245 


pin 
ISTYPE 
'reg'; 
pin 
ISTYPE 
'corn'; 
pin 
ISTYPE 
'corn'; 


" I/O 
READ 


" I/O 
WRITE 
(combinatorial) 
" 74F245 
transceiver 
control 
for 110 bus 


" internal 
state 
variables 
- these 
do 
not 


" one 
wishes 
to 
use 
them 
for 
debug. 
lCPU_Cye 
node 
ISTYPE 
'reg'; 


lREF_REQ 
node 
ISTYPE 
'reg'; 


IREF _CYC 
node 
ISTYPE 
'r_eg'; 
IHOLDOFF 
node 
ISTYPE 
'reg'; 
Sl,SO 
node 
ISTYPE 
'reg'; 


. RO,Rl,R2,R3,R4 
node 
ISTYPE 
'reg'; 


have 
to be 
assigned-to 
pins 
unless 


• CPU 
cycle 
pending 


refresh 
request 
(active 
low) 


• Refresh 
cycle 
pending 


Refresh 
holdoff 
• DRA1,0 
state 
bits 


• Refresh 
timer 
(divide 
by 
28) 


" region 
decode: 
to 
conserve 
pins 
in 
this 
simple 
example, 
addresses 
are 
decoded 
into 
only 
eight 
regions. 


MEMADDR 
= 
[A3l,A30,A29,X, 
X,X,X,X, 
X,X,X,X, 
X,X,X,X, 
X,X,X,X, 
X,X,X,X, 
X,X,X,X, 
X/X,X/X]; 


" state 
machine 
RAS_MACHINE 
MUX_MACHINE 
CASO_MACHINE 
CAS1_MACHINE 
CAS2_MACHINE 
CAS3_MACHINE 
DRDY_MACHINE 
RD_MACHINE 
CPU_CYC_MACHINE 
REF_REQ_MACHINE 
REF_CYC_MACHINE 
HOLDOFF_MACHINE 
BURST_MACHINE 
REFRESH 


vector 
definitions 
[RAS] ; 
[MUX] ; 
[CASO] ; 
[CAS1] ; 
[CAS2] ; 
[CAS3] ; 
[DRDY] ; 
[RD] ; 
[CPU_CYC] ; 
[REF_REQ] ; 
[REF_CYC] ; 
[HOLDOFF] ; 


t si.SO]; 
[R4,R3,R2,R1,RO]; 


" literals 
IDLE 
ACTIVE 
STATE_MUX 
STATE_1 
STATE_2 
STATE_3 


AbO; 
Ab1; 
AbOO; 
Ab01; 
Ab10; 
"b11; 


" modify 
the 
following 
address 
assignments 
to 
relocate 
10 and/or 
DRAM 
into 
other 
memory 
regions. 
In 
this 
example: 


DRAM 
OxcOOOOOOO 
to 
Oxdfffffff 
I/O 
Ox20000000 
to 
Ox3fffffff 
(UART) 
Ox60000000 
to 
Ox7fffffff 
(parallel 
port) 
OxeOOOOOOO 
to 
Oxffffffff 
(FLASH 
boot 
ROM) 


DRAM 
10 
(MEMADDR 
>= 
AhCOOOOOOO) 
& 
(MEMADDR 
<= 
AhDFFFFFFF); 
((MEMADDR 
>= 
Ah20000000) 
& (MEMADDR 
<= 
Ah3FFFFFFF» 
l 
((MEMADDR 
>= 
Ah60000000) 
& (MEMADDR 
<= 
Ah7FFFFFFF» 
# 
((MEMADDR 
>= 
AhEOOOOOOO) 
& (MEMADDR 
<= 
AhFFFFFFFF»; 
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Table A-1. 
33 MHz Simple DRAM Controller 
PLO Equations 
(Sheet 3 of ~ 


AP-704 


equations 


" DRAM 
burst 
address 
multiplexer 
state 
MUX 
DRA1 
DRAO 
00 
9 
A12 
All 
00 
1 
A3 
A2 
01 
x 
0 
1 
10 
x 
1 
0 
11 
x 
1 
1 


pass 
through 
ROW 
pass 
through 
COL 
burst 
address 
burst 
address 
burst 
address 


address 
address 


DRA1 
(!Sl'& 
'!SO & 
!MUX 
& A12) 
11 
(!Sl 
& 
ISO & MUX 
& A3) 
11 
(51 & 
ISO) 
11 
(51 & 
SO); 
DRAO 
(!Sl 
& 
ISO & 
!MUX 
& All) 
11 
(!Sl 
& 
ISO & MUX 
& A2) 
11 
(!Sl 
& SO) 
11 
(51 & 
SO); 


simple 
WE 
WR 
OE245 


. 


I/O 
control 
signals 
(!READ 
& 
!REF_CYC); 
(WAIT 
& 
!READ) ; 
(DEN 
& 
IO); 


" the 
following 
RAS.clk 
MUX.clk 
CASO.c1k 
CAS1.clk 
CAS2.c1k 
CAS3.clk 
DRDY.clk 
RD. elk 
CPU_CYC.c1k 
REF_REQ.clk 
REF_CYC.c1k 
HOLDOFF.clk 
[Sl,SOl.c1k 


state 
machines 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 
PCLK; 


are 
synchronous 
with 
the 
CPU 


. 


" the 
refresh 
divider 
runs 
off 
a 
second 
(asynchronous) 
clock 
" if 
a higher 
frequency 
REFCLK 
is 
used, 
more 
bits 
may 
be 
required 
here 
[R4,R3,R2,R1,ROl 
.clk = 
REFCLK; 


I 
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Table A-1. 
33 MHz Simple 
DRAM Controller 
PLO Equations 
(Sheet 
4 of ~ 
intet 


" 
--------------------------------------------------------------------- 


state_diagram 
BURST_MACHINE 


" This 
state 
machine 
controls 
the 
DRAM 
Al,AO 
multiplexer 
described 


" above 
in 
the 
EQUATIONS 
section. 


state 
STATE_MUX: 


if- 
(!A3 & 
!A2 & DRDY 
& 
!BLAST) 


else 
if 
( A3 & 
!A2 & DRDY 
& !BLAST) 


else 
STATE_MUX; 


then 
STATE_I; 


then 
STATE_3; 


state 
STATE -1: 


if 
(DRDY & !BLAST) 
then 
STATE_2; 
else 
if 
(DRDY & 
BLAST) 
then 
STATE_MUX; 
else 
STATE_I; 


state 
STATE_2: 
if 
(DRDY & 
!BLAST) 
then 
STATE_3; 
else 
if 
(DRDY & 
BLAST) 
then 
STATE_MUX; 
else 
STATE_2; 


state 
STATE_3: 


if 
(DRDY & 
BLAST) 
else 
STATE_3; 


then 
STATE_MUX; 


This 
machine 
tracks 
all 
DRAM 
cycles 
requested 
by 
the 
CPU 


state 
IDLE: 


if 
(ADS & DRAM) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 


if 
(BLAST & DRDY 
# RESET) 
then 
IDLE; 
else 
ACTIVE; 
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state 
ACTIVE: 
if 
(!RAS) 
then 
IDLE; 
else 
ACTIVE; 


" This 
generates 
RAS 
for 
a DRAM 
bank. 
A 
single 
RAS 
controls 
all 
bytes 
in 
" that 
bank. 
If 
additional 
banks 
are 
desired, 
extra 
RAS's 
will 
have 
to be 


" generated 
with 
similar 
state 
machines. 
. 


state 
IDLE: 
if 
(ADS & DRAM 
& !MUX & !REF_REQ) * 
(CPU_CYC 
& !REF_CYC) 
# 
(REF_CYC 
& CASO) 
then 
ACTIVE; 
else. IDLE; 


state 
ACTIVE: 
if '(BLAST & DRDY) 
# 
(REF_CYC 
& 
!CASO) 
then 
IDLE; 
else 
ACTIVE; 


" The 
following 
machines 
generate 
individual 
CAS's 
for 
each 
byte 
of 
the 
" DRAM 
array. 
Their 
only 
differences 
are 
the 
byte 
enables 
that 
enable 
them 


state 
IDLE: 
if 
(RAS & BEO & !REF_CYC 
& MUX) 
# 
(REF_REQ 
& !CPU_CYC) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(!REF_CYC) 
# 
(REF_CYC 
& RAS) 
then 
IDLE; 
else 
ACTIVE; 


I 
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state 
niLE: 
if 
(RAS & BE2 & !REF_CYC 
& MUX) 
# 
(REF_REQ 
& !CPU_CYC) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(!REF_CYC) 
# 
(REF_CYC 
& RAS) 
then 
IDLE; 
else 
ACTIVE; 


" 
--------------------------------------------------------------------- 


state 
IDLE: 


if 
(RAS & BE3 & !REF_CYC 
& MUX) 
# 
(REF_REQ 
& !CPU_CYC) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(!REF_CYC) 
# 
(REF_CYC 
& RAS) 
then 
IDLE; 
else 
ACTIVE; 


11 
---------------------------------------------- 
_ 


" This 
machine 
generates 
READY 
for 
all 
DRAM 
accesses. 
This 
output 
should 
be 
" externally 
OR'ed 
with 
any 
other 
external 
ready 
type 
peripherals. 


state 
IDLE: 


if 
(RAS & !REF 
CYC & MUX) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(!REF_CYC) 
# 
(RESET) 
then 
IDLE; 
else 
ACTIVE; 
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Table A-1. 
33 MHz Simple DRAM Controller 
PLO Equations 
{Sheet 7 of ~ 
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"--------------------------------------------------------------------------- 


state_diagram 
HOLDOFF_MACHINE 


" This 
machine 
is 
used 
to 
edge 
detect 
the 
square 
wave 
refesh 
request. 
See 


" REF_REQ_MACHINE. 


state 
IDLE: 


if 
(REF_CYC) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(!R4) 
then 
IDLE; 
else 
ACTIVE; 


This 
machine 
is 
used 
to hold 
a pending 
refresh 
request. 
R4 
is a 
65 KHz 
" square 
wave 
derived 
from 
the 
refresh 
timer 
(or some 
other 
source). 


state 
IDLE: 


if 
(R4 & !HOLDOFF) 
then 
ACTIVE; 


else 
IDLE; 


state 
ACTIVE: 
if 
(REF_CYC) 
then 
IDLE; 
else 
ACTIVE; 


" This 
machine 
indicates 
when 
the 
DRAM 
controller 
is 
actually 
performing 


" a 
refresh 
cycle. 


state 
IDLE: 
if 
(!CPU_CYC 
* 
REF_REQ) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(!RAS & MUX) 
then 
IDLE; 
else 
ACTIVE; 


I 
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Table A·1. 
33 MHz Simple 
DRAM Controller 
PLO Equations 
(Sheet 8 of ~ 


"----------------------------------------------- 


" This 
machine 
tracks 
all 
READ 
cycles 
issued 
by 
the 
CPU. 
,It assumes 
that 


" the 
internal 
wait 
state 
generator 
is used. 
since 
it 
relies 
on 
BLAST 
to 
signify 
the 
end 
of 
the 
cycle. 


state 
IDLE: 


if 
(ADS & READ) 
then 
ACTIVE; 
else 
IDLE; 


state 
ACTIVE: 
if 
(BLAST) 
# 
(RESET) 
then 
IDLE; 
else 
ACTIVE; 


state_diagram 
REFRESH 


This 
machine 
divides 
the 
1.8432 
MHz 
REFCLK 
by 
28. 
producing 
a 
65 KHz 
square 
wave 
to 
request 
refesh 
cycles. 
If 
a higher 
frequency 
REFCLK 
is 
used. 
modify 
this 
machine 
accordingly. 
If 
an 
external 
65KHz 
source 
is 
available. 
this 
machine 
may 
be 
eliminated. 
Convert 
node 
R4 
into 
a pin 


" and 
apply 
the 
external 
refresh 
signal 
to 
this 
pin 


state 
0: 
goto 
1; 
state 
1 : 
goto 
2 ; 
state 
2: 
go to 
3 ; 


state 
3 : 
goto 
4 ; 
state 
4: 
goto 
5; 
state 
5 : 
goto 
6; 
state 
6 : 
goto 
7; 
state 
7 : 
goto 
8; 
state 
8 : 
goto 
9; 
state 
9 : 
goto 
10; 


state 
10: 
goto 
11; 
state 
11: 
goto 
12; 
state 
12: 
goto 
13; 


state 
13: 
goto 
14; 


state 
14: 
goto 
15; 
state 
15: 
goto 
16; 
state 
16: 
goto 
17; 
state 
17: 
goto 
18; 
state 
18: 
goto 
19; 
state 
19: 
goto 
20; 
state 
20: 
goto 
21; 
state 
21: 
goto 
22; 
state 
22: 
goto 
23; 
state 
23: 
goto 
24; 
state 
24: 
go to 
25; 
state 
25: 
go to 
26; 
state 
26: 
goto 
27; 
state 
27: 
go to 
0; 
state 
28: 
goto 
29; 
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OUTPUT 
MACROCELLS 
BURIED 
MACROCELLS 


Signal 
Product 
Terms 
Signal 
Product 
Terms 


RAS 
7 
CPU_CYC 
3 


CAS3 
3 
REF 
REO 
2 


CAS2 
3 
REF 
CYC 
3 


CAS1 
3 
HOLDOFF 
2 


CASO 
3 
S1 
4 


DRA1 
3 
SO 
3 


DRAO 
3 
R4 
4 


DRDY 
2 
R3 
5 
-- 
R2 
MUX 
1 
4 


WE 
1 
R1 
3 


RD 
2 
RO 
2 


WR 
1 


OE245 
2 


I 
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APPENDIX 
B 
IMPLEMENTATION 
FOR SPECIFIC 
PLDs 


Appendix 
A contains 
device-independent 
programmable 
logic equations 
and fitter data. Appendix 
8 partitions 
the design 
into specific PLDs which are readily available 
and relatively 
inexpensive. 


According 
to the fitter report (Table A-2, Signal and Product Term Allocation), 
the maximum 
number of product 
terms in 
any state machine 
is seven. State machines 
like these, which need few product terms, can fit into simple PLDs. 


Most of the state logic fits into PLDI. 
including 
the state machines 
RAS, MUX, DRDY, CPU_CYC, 
REF_CYC, 
RD and 
CAS. As indicated 
in Table 8-1, these machines 
share a number 
of input and feedback 
signals. 
In this design, 
address 
decoding 
is performed 
externally 
in a 74F138 which feeds the single !DRAM input. PLDI is a 22VIO device. 


PLD2 contains 
the burst tracking 
state logic, refresh request flag and combinatorial 
DRAM address outputs. 
See Table 8- 


2. PLD2 is a 20V8 device. 


PLD3, illustrated 
in Table B-3, contains 
the refresh 
counter 
and a combinational 
output enable for a 74F245 
bus trans- 
ceiver. In the example, 
a 1.8432 MHz clock is divided to generate the refresh timer output R4 for PLD I. PLD3 is a simple 
16R6 device. 


Partitioning 
the design into multiple 
simple PLDs was not tested on actual hardware. 


Table 8-1. 
PLO 1 Source Code Table 
(Sheet 
1 of 3) 


ABEL 
5.10 
Device 
Utilization 
Chart 


960CA 
DRAM 
Controller 
(21121) 


Rick 
Schue 
Intel 
Corp. 
11/21/94 


Module 
: 'pld1' 


Input 
files: 


AB EL PLA 
file 


Device 
library 
pld1.tt3 
P22V10.dev 


Output 
files: 


J<eport file 
Programmer 
load 
file 
pld1.doc 
pld1. jed 


I 
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Table B-1. 
PLO 1 Source Code Table (Sheet 2 of 3) 


P22V10 
Programmed 
Logic: 


RAS.D 


RAS.C 


MUX.D 
MUX.C 


CASO.D 


CASO.C 


CAS1.D 


CAS1.C 


CAS2.D 


CAS2.C 


CAS3.D 


CAS3.C 


DRDY.D 


DRDY.C 


( 
lADS 
& 
lDRAM 
& RAS.FB 
& MUX 
& REF~REQ 
* 
BLAST 
& 
lRAS.FB 
& REF_CYC 
* 
DRDY 
& 
lRAS.FB 
& REF_CYC 
* 
RAS.pB 
& 
lCPU_Cye 
& REF_CYC 
* 
BLAST 
&. lRAS.FB 
& 
lCASO 
* 
DRDY 
& 
!RAS.FB 
& 
lCASO 
* 
RAS.FB 
& 
lREF_CYC 
& 
lCASO 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


:: 
RAS);" 
ISTYPE 
'BUFFER' 
PCLK 
); 


( 
lREF_REQ 
& CPU_CYC 
& CASO.FB 
* 
RAS·& 
lREF_CYC 
& 
lCASO.FB 
* 
lRAS 
& 
lMUX 
& REF_CYC 
& CASO.FB 
& 
lBEO 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


( 
lREF_REQ 
& CPU_CYC 
& CAS1.FB 
* 
RAS 
& 
lREF_CYC 
& 
lCAS1.FB 
* 
!RAS 
& 
!MUX 
& REF _CYC 
& 
CASl. FB 
& 
!BEl 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


( 
!REF_REQ 
& 
CPU_CYC 
& CAS2.FB 
* 
RAS 
& 
!REF_CYC 
& 
!CAS2.FB 
* 
!RAS & lMUX 
& REF_CYC 
& CAS2.FB 
& 
!BE2 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


( 
!REF_REQ 
& CPU_CYC 
& CAS3.FB 
* 
RAS 
& 
lREF_CYC 
& 
!CAS3.FB 
* 
!RAS & !MUX 
& REF_CYC 
& CAS3.FB 
& 
!BE3 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


( 
!RAS 
& 
lMUX & REF 
CYC 
& DRDY.FB 
* 
RESET 
& 
!REF_CYC 
& 
!DRDY.FB 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


RD.D 
(BLAST 
& 
RESET 
& 
!RD.FB 
* 
lADS 
& RD.FB 
& 
!READ 
); 
" ISTYPE 
'INVERT' 


RD.C 
(PCLK 
); 


REF_CYC.D 


REF_CYC.C 


( 
CPU_CYC.FB 
& 
!ADS 
& 
lDRAM 
* 
!CPU_CYC.FB 
& BLAST 
& RESET 
* 
!CPU_CYC.FB 
& DRDY 
& RESET 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 


( 
REF_REQ 
& REF 
CYC.FB 
* 
!CPU_CYC 
& REF 
CYC.FB 
* 
RAS 
& 
!MUX 
& 
!REF_CYC.FB 
); 
" ISTYPE 
'BUFFER' 
( 
PCLK); 


1-532 
I 


intet 
AP-704 


Table 
~-1" 
PLO 1 Source Code Table 
(Sheet 
3 of 3) 


960CA 
DRAM 
Controller 
(21121) 


Rick 
Schue 
Intel 
Corp. 
11/21/94 


P22V10 
Chip 
Diagram: 


J 


P22V10 


+--------"-\ 
1---------+ 
\ 
1 
I 
I 
PCLK 
1 
24 
I Vcc 
I 
ADS 
2 
23 
I 
!RAS 
I 
BLAST 
3 
22 
I 
!CAS3 
I 
RESET 
4 
21 
I 
!CAS2 


I 


DRAM 
5 
20 
I 
!CAS1 


I 


BEO 
6 
19 
I 
!CASO 
I 
BEl 
7 
18 
!DRDY 


BE2 
8 
17 
MUX 


BE3 
9 
16 
!RD 


READ 
10 
15 
!CPU_CYC 


REF_REQ 
11 
14 
REF_CYC 


GND 
12 
13 


,---------------------------, 


SIGNATURE: 
NIA 
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Module 
: 
'pld2' 


Input 
files: 


ABEL 
PLA 
file 
Device 
library 
pld2.tt3 
P20V8R.dev 


Output 
files: 


Report 
file 
Programmer 
load 
file 
pld2.doc 
pld2. jed 


P20V8R 
Programmed 
Logic: 


DRA1 
!( 
!S1 
& 
SO 


11 
!S1 
& 
MUX 
& 
!A12 


11 
!S1 
& 
!MUX 
& 
!A3); 


DRAO 
!( 
S1 
& 
ISO 


11 
ISO 
& MUX 
& 
!All 


11 
ISO 
& 
!MUX 
& 
!A2 
) ; 


!( 
READ 
& REF_CYC 
) ; 


!( 
READ 
& 
!WAIT 
) ; 


WE 


WR 


REF_REQ.D 
( 
REF_CYC 
& !REF_REQ.FB 


11 
R4 & REF_REQ.FB 
& HOLDOFF 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 
REF_REQ.C 


HOLDOFF.D 
( 
!REF_CYC 
& HOLDOFF.FB 


11 
!HOLDOFF.FB 
& R4 
); 
" ISTYPE 
'INVERT' 
( 
PCLK); 
HOLDOFF.C 


S1.D 
(!A3 
& 
!S1.FB 
& 
!SO.FB 


11. 
A2 & !S1.FB 
& !SO.FB 
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Table B·2. PLO 2 Source Code Table (Sheet 2 of ~ 


# 
!Sl.FB & DRDY 
# 
!DRDY & !BLAST 
); ~ ISTYPE 
'INVERT' 
si .c 
(PCLK 
); 


SO.D 
!( 
SO.FB 
& DRDY 
# 
Sl.FB 
& !DRDY & BLAST 
# 
!A2 & !SO.FB & !DRDY & BLAST 
); ~ ISTYPE 
'INVERT' 
SO.C 
(PCLK 
); 


P20V8R 
Chip 
Diagram: 


P20V8R 


+---------\ 
/---------+ 
I 
\ 
/ 
I 
I 
I 
PCLK 
I 
1 
24 
I Vcc 
I 
I 
BLAST 
I 
2 
23 
I REF_CYC 
I 
I 
RESET 
I 
3 
22 
I 
!SO 


I 
I 
A12 
I 
4 
21 
I 
!Sl 


I 
I 
All 
I 
5 
20 
!HOLDOFF 


I 


A3 I 
6 
19 
!REF_REQ 


I 


A2 I 
7 
18 
!WR 
I 
READ 
I 
8 
17 
!WE 
I 
WAIT 
I 
9 
16 
!DRAO 
I 
MUX 
I 10 
15 
!DRA1 
I 
DRDY 
I 11 
14 
R4 
I 
GND I 12 
13 
I 
I 
,--------------------------- 


SIGNATURE: 
N/A 


I 
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Table B-3. 
PLD 3 Source Code Table 
(Sheet 1 of ~ 


intel· 


ABEL 
5.10 
Device 
Utilization 
Chart 


960CA 
DRAM 
Controller 
(21121) 


Rick 
Schue 
Intel 
Corp. 
11/21/94 


Module 
: 
'pld3' 


Input 
files: 


ABEL 
PLA 
file 
Device 
library 
pld3.tt3 
P16R6.dev 


Output 
files: 


Report 
file 
Programmer 
load 
file 
pld3.doc 
pld3. jed 


P16R6 
Programmed 
Logic: 


OE245 
!( 
!DEN 
& 
!IO 
); 


R4.D 
( 
!R4 .FB 
& 
!R3 .FB 
# 
R4.FB 
& R3.FB 
& R2.FB 
& R1.FB 
# 
!R4.FB 
& !R1.FB 
# 
R3.FB 
& 
!R2.FB 
& R1.FB 
& RO.FB 
# 
!R4.FB 
& !RO.FB 
); 
" ISTYPE 
'INVERT' 
( 
REFCLK); 
R4.C 


R3.D 
( 
!R3.FB 
& 
!R2.FB 
# 
!R3.FB 
& !R1.FB 
# 
R4.FB 
& R3.FB 
& R1.FB 
& RO.FB 
# 
R3.FB 
& R2.FB 
& R1.FB 
& RO.FB 
# 
!R3.FB 
& !RO.FB 
# 
R4.FB 
& R2.FB 
& R1.FB 
& 
!RO.FB 
); 
" ISTYPE 
'INVERT' 
( 
REFCLK); 
R3.C 


R2.D 
( 
R4.FB 
& R3.FB 
& R1.FB 
# 
!R2.FB 
& !R1.FB 
# 
R2.FB 
& R1.FB 
& RO.FB 
# 
!R2.FB 
& 
!RO.FB 
); 
" ISTYPE 
'INVERT' 
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P16Rb 
Chip 
Diagram: 


REFCLK 


I 


IO 


P16R6 


+---------\ 
/---------+ 
I 
\ 
/ 
I 
I 
I 
I 
1 
20 I Vcc 
I 
I 
I 
2 
19 
!OE245 
I 
3 
18 


4 
17 
!R4 


5 
16 
!R3 


6 
15 
!R2 


7 
14 
!R1 


8 
13 
!RO 


9 
12 


la 
11 


DEN 


GND 


SIGNATURE: 
N/A 
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APPLICATION 
NOTE 


DRAM Controller for 40 MHz 
i960® CA/CF Microprocessors 


February 2, 1995 


I 


Order Number: 
272655-001 
1-539 


intel· 


1.0 
INTRODUCTION 


This application 
note describes 
a DRAM controller 
for use 


with 
the 
i960@ CF 
40 MHz 
microprocessor. 
Other 


application 
notes 
are 
available 
which 
describe 
DRAM 


controllers 
for the i960 Cx and Jx processors; 
see Section 


7.0, RELATED 
INFORMATION 
for ordering information. 


This DRAM controller's 
design features include: 


Interleaved 
desigri 


Can use standard 
70 ns DRAM SIMM 


4-0-1-0/3-0-1-0 
back -to-back/idle 
bus wait state burst 


reads up to 40 MHz 


3-1-1-1/2-1-1-1 
back-to-back/idle 
bus wait state burst 


writes up to 40 MHz 


Single clock input to state machines 


This 
document 
contains 
some 
general 
DRAM 
controller 


theory as well as this design's 
state machine definitions 
and 


timing diagrams. 
It also contains the PLD equations 
used to 


build and test the prototype 
design. All timing analysis 
was 


verified 
with 
Timing 
Designer". 
PLD 
equations 
were 


generated 
in 
ABEL* 
as 
a 
device-independent 
design. 
Schematics 
were created 
in OrCAD*. 
The timing analysis, 
schematics 
and 
PLD 
files 
are 
available 
through 
Intel's 
America's 
Application 
Support BBS, at (916) 356-3600. 


2.0 
OVERVIEW 


This 
section 
provides 
an 
overview 
of 
DRAM 
SIMM 


operation 
and the concept 
of memory 
interleaving. 
It also 


describes 
the i960 Cx microprocessor 
burst capabilities. 


2.1 
Page Mode DRAM SIMM Review 


Page 
mode 
DRAM 
allows 
faster 
memory 
access 
by 


keeping 
the 
same 
row 
address 
while 
selecting 
random 


column addresses 
within that row. A new column address is 


selected by deasserting 
CAS while keeping 
RAS active and 


then asserting 
CAS with the new column 
address 
valid to 


the DRAM. 
Page 
mode 
operation 
works 
very well 
with 


burst buses in which a single address cycle can be followed 
by multiple data cycles. 


All WE pins on each SIMM are tied to a common WE line; 
this line requires 
the use of early write cycles. 
In an early 


write cycle, write data is referenced 
to the falling edge of 
• 


CAS, not the falling edge of WE. 
I 


AP-706 


Each 
SIMM also has four CAS lines, one for every eight 


(nine) 
bits in a 32-bit 
(36-bit) 
SIMM module. 
The 
four 
CAS 
lines control 
the writing 
to individual 
bytes 
within 


eachSIMM. 


2.2 
- Bank Interleaving 


Interleaving 
significantly 
improves 
memory 
system 
performance 
by 
overlapping 
accesses 
to 
consecutive 
addresses. 
Two-way 
interleaving 
is 
accomplished 
by 


dividing 
the memory into two 32-bit banks (also referred to 


as "leaves"): 


one bank for even word addresses 
(A2=0) 


one bank for odd word addresses 
(A2=1) 


The two banks are read in parallel and the data from the two 
banks 
is multiplexed 
onto the processor's 
data bus. This 


overlaps the wait states of: 


the second access with the first . 


the third access with the second 


the fourth access with the third 


Figure 
I shows DRAM with a 2-1-1-1 quad word burst read 


wait state profile 
being 
interleaved 
to generate 
a 2-0-0-0 
wait state system. 


cue [ , 


Even 
[ 
: A : W: w : 0 : W : 0 
, 
Bank 
Odd[: 
A,W:W,W,D 
,W, 
Bank 


Processor 
[ 
: A : W: W , 0 , 0 
, 0 , 0 


A = Address 
W = Wait 
D = Data 


FIgure 1. Two·Way 
Interleaving 


2.3 
Burst Capabilities for 32-Bit Bus 


A bus access starts by asserting 
ADS in the address 
cycle, 


and ends by asserting ~ 
in the last data cycle. Figure 


2 shows ADS and BLAST timings 
for a quad-word 
access. 


i960 Cx processor's 
burst protocol requires: 


Quad-word 
and triple-word 
requests 
always 
start 
on 


quad word bo~ndaries 
(A3 = 0, A2 = 0). 


Double-word 
requests 
always 
start 
on 
double 
word 


boundaries 
(A3 = X, A2 = 0). 
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:v 
I 
I 
, 
SIMMS. This section describes each block. 
BLAST 
[ 
, 


031:0 [ 
•..•.'----'--< 
3.1 
ControlLogic 


The DRAM controller is centered around a four-bit state 
machine 
which 
controls 
DRAM 
bank 
accesses 
and 


refreshing. All timings are generated based on the four-bit 
state machine's outputs. Some states are used for both read 
and write accesses. Thestate machine uses the W_R signal 
from the processor to distinguish between reads and writes. 
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Figure 2. Quad-Word Access Example Showing 
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Figure 3. DRAM Controller 
Block Diagram 
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3.1.1 
Refresh Logic 


Typically DRAMs need to be refreshed every 15.6us. In 
this design. due to power requirements needed to refresh an 
entire DRAM array. one bank is refreshed 'at a time. The 
DRAM controller uses an eight-bit counter to generate 
refresh requests. A refresh request is generated every 
7.8 us. The DRAM controller toggles between refreshing 
each bank every 7.8 us which means each bank is 
effectively refreshed every 15.6us. 


A refresh request has priority over a processor request. 
When a processor and a refresh request occur simulta- 
neously. the DRAM controller sequences a refresh to the 
appropriate 
DRAM bank 
while the 
PENDING 
state 
machine posts the processor request. The pending request is 
then serviced after the refresh is completed. 


An eight-bit synchronous down counter is used to generate 
refresh requests. The counter is clocked using the IX_CLK 
clock. The REFREQ signal is asserted each time the 
counter reaches zero. Counting is inhibited when the 
counter reaches zero. The counter is reloaded with Oxffand 
counting resumes after the ACCESS state machine services 
the refresh. During reset. the counter is loaded with Oxff. 


3.1.2 
Clock Generation 


A Motorola* MC88915 low skew CM.OS PLL generates 
the clock signals for the DRAM controller. The MC88915 
uses PCLK2 as an input. and produces four very low skew 
copies of PCLK2. as well as a 2x PCLK. At 40 MHz. the 
maximum skew between PCLK2 and any of the MC88915 
outputs was calculated to be ±I ns, while the skew between 
any of the individual outputs is ±750 ps under equal 
loading conditions. All clock lines are terminated with 22 
ohm series resistors, 


3.1.3 
Wait State Profile 


The DRAM Controller uses the processor's READY signal 
to control wait states. The MCON register is initialized as 
follows: (NXAD= NXDA= NXDD= NXDA= 0). Table I. 
Wait State Profiles. provides the wait state profiles for read 
and write accesses up to 40 MHz. 


Back-to-back accesses require an extra wait state to meet 
RAS precharge time. Therefore. to meet the RAS precharge 
time required. the first data access for reads uses four wait 
state cycles as opposed to three wait state cycles for idle 
bus DRAM accesses. For writes. the first data access uses 
l 
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three wait state cycles for back-to-back accesses. as 
opposed to two wait state cycles for idle bus. 


Table 1. Wait State Profiles (40 MHz) 


Wait State Profile 


Access Type 
Back-To- 
ld/e Bus 
Back 


Quad Word Read 
4-0-1-0 
3-0-1-0 


Triple Word Read 
4-0-1 
3-0-1 


Double Word Read 
4-0 
3-0 


Single Word Read 
4 
3 


Quad Word Write 
3-1-1-1 
2-1-1-1 


Triple Word Write 
3-1-1 
2-1-1 


Double Word Write 
3-1 
2-1 


Single Word Write 
3 
2 


3.2 
Address Path 


Figure 4 illustrates a block diagram of the address path 
logic. The 2-to-1 multiplexers combine the row and column 
addresses into a singular row/column address that the 
DRAM requires. DAOEand DAOOequivalent signals are 
generated. one for each bank. DAOE and DAOO are 
generated by using A3E and A30 respectively. DAOEand 
DAOO are the only address bits that increment during 
bursts. The timing of these signals during bursts is critical 
for proper operation. 


A24:4 
A20:12. 
A22. A24 
B 
DA10:l 


All:4. 
A21. A23 
i 


A 
DAOE 
5 
If 


G 
DAOO 


3 x 74F257 


A3E 


A30 


MUX 


NOTE: 


Thicker 
lines indicate 
a bus. 
Multiplexers 


Figure 4. Addr~ss Path logic 
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3.3 
Data Path 


As shown in Figure 5, there is one.data path for reads and a 
separate data path for writes. The read path uses 74F257 2:·1 
multiplexers to prevent contention between the two DRAM 
banks. CAS can be active for both banks,at the same time, 
necessitating use of the multiplexers. The multiplexer 
outputs are enabled only during reads by the RDEN signal. 
The multiplexers are switched using SELA and SELB. 
These signals are derived based on the states of the 
ACCESS state machine and address A2. The write data path 
consists of eight 8-bit 74F244 buffers, four for each bank. 
The buffer outputs are enabled by WRE and WRO. 


III~-~•.••• 
~ 
Even 


4 x 74F244 
Buffers 


RDEN 


SELA/SELB 
DO:31.~.1IIj 


---11---.! 
OE 
--+-~S 


IIII-"'*"~Odd 


4 x 74F244 
Buffers 


Figure 5. Data Path Logic 


3.4 
SIMMS 


The SIMM block consists of two standard 72-pin SIMM 
sockets, arranged as two banks: odd and even. The x36 
SIMM parity bits are not used in this design. The x36 
SIMMs are standard for PCs and workstations, which 
makes them readily available. The only penalty is more 
address and control line loading due to the extra DRAM 
devices of the x36 SIMM. All address and control lines to 
the SIMMs are terminated with 22 ohm resistors. 
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4.0 
STATE MACHINES AND SIGNALS 


This section describes the state machines and signals used 
in this design. Most of the state machines are simple and the 
PLD equations can be referenced in APPENDIX A. The 
ACCESS state machine is the most complex of all the state 
machines; 
for that reason, this application note provides 
more detail on the operations of this state .machine, In this 
design, all the state machines are clocked using IX_CLK 
clock (bus clock). 


All PLD equations are written in ABEL. APPENDIX A, 
PLD EQUATIONS contains a listing of the PLD equation 
file. The state machine transitions described here follow the 
ABEL conventions for logic operators. 


represents NOT, bit-wise negation 


& 
represents AND 


# 
represents OR 


To follow the ABEL conventions, active LOW signals 
(such as ADS) already have a polarity assigned. For 
example, in the state machines, ADS refers to the asserted 
state (LOW) and !ADS refers to the non-asserted state 
(HIGH). 


4.1 
ACCESS State Machine 


The ACCESS st~te machine, the "heart" of the DRAM 
controller, is implemented as a four-bit state machine. See 
Figure 6, Basic ACCESS State Machine. It is responsible 
for sequencing accesses as well as refreshes to the DRAM 
banks. 


From the IDLE state, the access state machine is sequenced 
based on these three events: 


Refresh requests from the counter 


DRAM requests from the processor 


PENDING state machine requests 


Figure 6. 
Basic ACCESS 
State Machine 
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4.2 
PENDING State Machine 


The PENDING 
state machine 
is a one-bit 
state 
machine 
which monitors 
DRAM requests from the processor. 
This is 
necessary 
because 
a DRAM 
refresh 
has priority 
over 
a 
processor 
request. 
Therefore, 
this state machine 
is used to 
post 
the processor 
request: 
The 
state 
machine 
gets' reset 
once 
the 
ACCESS 
state 
machine 
st~s 
sequencing 
the 
pending request. 
The state machine generates 
ACC_PEND. 


4.3 
ODDACCESS State Machine 


The 
ODDACCESS 
state 
machine 
is clocked 
using 
the 
IX_CLK 
clock. 
It 
is 
a 
one-bit 
state 
machine 
which 
monitors 
the 
initial 
state 
of the processor's 
address 
A2. 


Several 
state machines 
in this design use the output of this 
state 
machine 
as inputs. 
Address 
A2 from the processor 
indicates 
whether 
an access starts on an even or odd word 
boundary. 
The ACCESS 
state machine 
uses this bit exten- 
sively. 
It is important 
to latch 
address 
A2 
because 
the 
processor 
toggles 
address 
A2 on burst accesses. 
This state 
machine 
generates 
LA2. 


4.4 
BANKSELA State Machine 


The BANKSELA 
state machine 
is a one-bit 
state machine' 


which is used to control 
the data multiplexer, 
primarily 
to 
select between 
even or odd data during read accesses. 
This 
state 
machine 
is 
clocked 
using 
the 
IX_CLK 
clock. 
It 
generates 
SELA. 


4.5 
BANKSELB State Machine 


The BANKSELB 
state machine 
is a one-bit 
state machine 
which is used to control 
the data multiplexer, 
primarily 
to 
select between 
even or odd data during read accesses. 
This 
state 
machine 
is clocked 
using 
the 
IX_CLK 
clock. 
It 
generates 
SELB. 
. 


4.6 
ADDRMUX State Machine 


The ADDRMUX 
state machine 
is a one-bit 
state machine 
which is used to control the address multiplexers, 
primarily 
to select 
between 
row or column 
addresses. 
It is clocked 
using' the 
·IX_CLK 
clock. 
This 
state 
machine 
generates 
MUX, 
which 
is a delayed 
version 
of RASE. 
By delaying 
the switching 
of the row address 
by one 
IX_CLK 
clock 
cycle 
provides 
ample 
row 
address 
hold 
time 
(tRAH) 
required 
by the DRAM. 
The row address 
is selected 
while 
MUX is high; otherwise! 
the column address. is selected. 


J 
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4.7 
A3EVEN State Machine 


The 
A3EVEN 
state 
machine 
is a one-bit 
state 
machine 
which is toggled 
on burst accesses 
to select the next data 
word 
(next 
column 
data). 
The 
state 
machine 
is initially 
loaded 
with the value of the processor's 
address 
A3 and 
then toggled 
for the next data access. This state machine 
is 
clocked 
using 
IX_CLK 
clock, 
and generates 
A3E. 
This 
signal is an input to the address multiplexer. 


4.8 
A30DD State Machine 


The A30DD 
state machine 
is a one-bit 
state machine 
and 
has the same functionality 
as the A3EVEN 
state machine. 


This state machine generates 
A30. 


4.9 
RFEVENBK State Machine 


The RFEVENBK 
state machine 
is a one-bit 
state machine 
which is used to indicate 
which of the two banks (even or 
odd) to refresh. The two banks are refreshed 
separately. 
The 
even 
bank' 
is 
refreshed 
when 
the 
RFEVENBK 
state 
machine is active; otherwise, 
the odd bank is refreshed. 
The 
output 
of this state machine 
is toggled 
on every 
refresh. 
This state machine generates 
REFEVEN. 


4.10 
CASPIPE State Machine 


The 
CAS PIPE 
state 
machine 
is a one-bit 
state 
machine 
which 
generates 
a pipelined 
CAS 
signal 
one 
lX_CLK 
clock cycle earlier. The output of this state machine 
is then 
fed to the CASE_B3:0 
state machines 
where 
it is recon- 
structed to drive the CAS lines of the even bank. This state . 
machine 
generates 
CASEE. 


4.11 
CASPIPO .State Machine 


The 
CASPIPO 
state 
machine 
is a one-bit 
state 
machine 
which 
generates 
a pipelined 
CAS 
signal 
one 
IX_CLK 
clock cycle earlier. The output of this state machine 
is then 
fed to the CASO_B3:0 
state machines 
where 
it is recon- 
structed 
to drive the CAS lines of the odd bank. This state 
machine 
generates 
CASOO. 


4.12 
CASE_B3:0 State Machines 


The CASE_B3:0 
state machines 
control 
the CAS pins of 
the even bank. CASEBO controls 
the least significant 
byte 
and 
CASEB3 
controls 
the 
most 
significant 
byte. 
The 
CASE_BO 
state 
machine 
generates 
CASEBO, 
and 
the 
CASE_B3 
state machine 
generates 
CASEB3. 
CASEBO 
is 
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4.14 
REFREQ Signal 


REFREQ, an active low signal, is the output of an eight-bit 
counter. The counter is clocked using the IX_CLK clock. 
REFREQ is asserted when the counter reaches zero. The 
ACCESS 
state 
machine 
uses 
REFREQ 
to 
sequence 
refreshes. 


4.15 
RASEVEN State Machine 


The RASEVEN state machine is a one-bit state machine 
which is used to generate RAS signals for the even bank. It 
is clocked using the IX_CLK clock. This state machine 
generates RASE. 


4.16 
RASODD State Machine 


The RASODD state machine is a one-bit state machine 
which is used to generate RAS signals for the odd bank. It is 
clocked using the IX_CLK clock. This state machine 
generates RASO. 


4.17 
SRASE State Machine 


The SRASE state machine is a one-bit state machine which 
is used to monitor back-to-back DRAM accesses. It is 
generated by shifting RASE by one IX_CLK clock cycle. 
This state machine generates SRASE. By using the state of 
this signal the DRAM controller can eliminate one wait 
state cycle for accessing the first data word. Back-to-back 
accesses require an extra wait state cycle to satisfy the RAS 
precharge time (tRP)' 
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4.20 
WRO Signal 


WRO is asserted while a DRAM write is in progress. It 
controls the odd leaf WE lines to perform early writes. It 
also controls the odd data path buffers output enables. 


5.0 
DRAM CONTROLLER ACCESS FLOW 


This section explains how the ACCESS state machine is 
sequenced while reading, writing, and refreshing DRAMs. 
Examples used are: 


quad-word read 


single-word read 


quad-word write 


single-word write 


refresh 


The examples in this document assume back-to-back 
DRAM accesses or pending accesses. For example, the first 
data access of a DRAM request uses four wait states for 
reads and three wait states for writes. For idle bus accesses, 
the ACCESSO state is skipped, allowing only three wait 
states for reads and two wait states for writes. Refer to the 
PLD equations in APPENDIX A. The ACCESS state 
machine uses SRASE to detect back-to-back accesses. 


RDEN is asserted during read accesses while WRE and 
WRO are asserted during write accesses. 


5.1 
Quad-Word Read 


Figure 7 shows the state diagram for a quad-word read; 
Figure 8 shows the timing diagram. This state diagram also 
shows the state machine paths for triple-, double-, and 
single-word reads. Single-word reads which are aligned on 
odd word boundaries use a different path; therefore, a 
separate example is used to explain that state machine path. 


I 
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From the IDLE state, the machine enters the ACCESSO 
state due to a processor request or a pending processor 
request. At the end of the IDLE state, the A3EVEN and 
A30DD state machines are loaded with the processor's 
address A3 and the ODDACCESS state machine is loaded 
with the processor's address A2. While in the IDLE state, 
MUX is deasserted, which selects the row address. 


At the end of the ACCESSOstate, the RASE and RASO are 
asserted. The machine then proceeds to the ACCESSI state. 


At the end of the ACCESSI state, MUX is asserted. This 
causes the column address to be selected. CASEE is 
asserted, and the PENDING state machine is reset. From 
ACCESSI, the machine enters ACCESS2 state. 


At the end of the ACCESS2 state, CASEB3:0 are asserted if 
CASEE and the respective Byte Enable signals from the 
processor are asserted. CASOO is asserted if BLAST is not 
asserted. The machine then proceeds to the ACCESS3 state. 


At the end of the ACCESS3 state, CASOB3:0 are asserted 
if CASOO and the respective Byte Enable signals from the 
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processor 'are asserted, while CASEE is deasserted. The 
machine then proceeds to the ACCESS4 state. 


The ACCESS4 state is the first or third data cycle (Td<lfd~ 
for read accesses aligned on even word boundaries. At the 
end of ACCESS4, CASEE is reasserted while CASEB3:0 
are deasserted. CASEB3:0 are deasserted because CASEE 
is sampled deasserted. CASOO is deasserted before leaving 
this state. From here, the machine can proceed to either the 
ACCESS5 or the IDLE state. If BLAST is asserted, the 
machine proceeds to the IDLE state; otherwise, to the 
ACCESS5 state. 


The ACCESS5 state is the second or fourth data cycle 
(Tdl/Td3) 
for read accesses. At the end of the ACCESS5 
state, CASOO is reasserted. CASEB3:0 are asserted if 
CASEE and the respective Byte Enable signals from the 
processor are asserted. CASOB3:0 are deasserted because 
CASOO is sampled deasserted. From here, the machine can 
proceed to either the ACCESS3 or the IDLE state. If 
BLAST is asserted, the machine proceeds to the IDLE state; 
otherwise, to the ACCESS3 state. The machine then 
proceeds to ACCESS3 state. 


A 
ADS & !REFREQ & !ACC_PEND & DRAMADDR 
& SRASE * 
!REFREQ & ACC_PEND 
B 
ADS & !REFREQ & !ACC_PEND & DRAMADDR 
& !SRASE 
C·= 
UNCONDITIONAL 
D 
LA2 
E 
UNCONDITIONAL 
F 
W_R 
G 
!BLAST 
H 
W_R 
& LA2 
& BLAST 
I 
W_R & !BLAST 
J 
BLAST 


FIgure 7. Quad-Word 
Read State Diagram 


I 
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Figure 8. 
Quad-Word 
Re,ad Timing 
Diagram 


I 
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5.2 
Single-Word Read 


The ACCESS state machine takes a slightly different path 
when a read request is aligned on an odd word boundary. 
Figure 9 shows the state diagram for a single-word read; 
Figure 10shows the timing diagram. 


A. 
ADS & !REFREQ & !ACC_PEND & DRAMADDR & SRASE 


• !REFREQ & ACC_PEND 


B • ADS 
« 
!REFREQ 
& 
!ACC_PEND 
& DRAMADDR 
& 
!SRASE 


C • UNC0NDITIONAL 


O-W_R&!LA2 


E 
11: W_R 


F 
z 
W_R 
& 
!LA2 


G ••BLAST 


Figure 9. 
Single-Word 
Read State Diagram 


. (A2 = 1) 


From the IDLE state, the machine enters the ACCESSO 
state due to a processor request or a pending processor 
request. At the end of the IDLE state, the A3EVEN and 
A30DD state machines are loaded with the processor's 
address A3 and the ODDACCESS state machine is loaded 
with the processor's address A2. fJUX is deasserted in the' 
IDLE state, which selects the row address. 


At the end of the ACCESSOstate, RASO is asserted. The 
machine then proceeds to the ACCESS I state. 
I 
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At the end of ACCESSI, MUX is asserted. This causes the 
column address to be selected. CASOO is asserted. The 
PENDING state machine is reset before the machine 
proceeds to the ACCESS3 state. 


At the end of the ACCESS3 state, CASOB3:0 are asserted 
if CASOO and the respective Byte Enable signals from the 
processor are asserted. The machine then proceeds to 
ACCESS4 state. 


At the end of the ACCESS4 state, CASOO is deasserted 
and the machine proceeds to the ACCESSS state. 


The ACCESS5 state is the data cycle for the read access. 
~3:0 
are deasserted. This is primarily because 


CASOO is sampled deasserted. The machine then proceeds 
to the IDLE state while deasserting RASO. 


( 
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Tw 
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Figure 10. 
Single-Word 
Read Timing 
Diagram 
(A2 = 1) 


5.3 
Quad-Word Write 


Figure II shows the state diagram for a quad-word write. 
This state diagram also shows the state machine paths for 
triple-, double-, and single-word writes. Single-word writes 
which are aligned on odd word boundaries use a different 
path, therefore, a different example is used to explain the 
state machine path. 


From the IDLE state, the machine enters the ACCESSO 
state due to a processor request or a pending processor 
request. At the end of the IDLE state, the A3EVEN and 
A30DD state machines are loaded with the processor's 
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At the end of the ACCESS2 state CASEE is deasserted. 
CASEB3:0 are asserted if CASEE and the 'respective Byte 
Enable 
signals from the processor are asserted. The 
machine then proceeds to the ACCESS3 state. 


The ACCESS3 state is the first or third data cycle (TdO or 
Td2) for write accesses which are aligned on even word 
boundaries (A2 = 0). At the end of the ACCESS3 state, 
~3:0 
are deasserted, This is because ~ 
is 
sampled deasserted. CASOO is also asserted if BLAST is 
deasserted. From ACCESS3, the machine can proceed to 
either the ACCESS4 state or the IDLE state. If M:AST is 
asserted, the machine proceeds to the IDLE state, otherwise 
to the ACCESS4 state. 


At the end of the ACCESS4 state, CASOO is deasserted. 
~3:0 
are asserted if~ 
and the respective Byte 
Enable 
signals from the processor are asserted. The 
machine then proceeds to the ACCESS5 state. 


The ACCESS5 state is the second or fourth data cycle 
(Td1rrd3) for write accesses which are aligned on even word 
boundary (A2 = 0). At the end of ACCESS5, CASEE is 
reasserted. CASOB3:0 are deasserted. This is because 
~ 
is sampled deasserted. From ACCESS5, the 
machine can proceed to either the ACCESS2 state or the 
IDLE state. If BLAST is asserted, the machine proceeds to 
the IDLE state, otherwise to the ACCESS2 state. 
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A' 
ADS & !REFREQ & !ACC_PEND & DRAMADDR & SRASE 


I !REFREQ & ACC_PEND 


B = 
ADS 
& 
!REFREQ 
& 
!ACC_PEND 
& DRAMADDR 
& 
!SRASE 


C 
= 
UNCONDITIONAL 
D. 
LA2 


E. 
UNCONDITIONAL 


F = 
!BLAST 


G 
= 
!W_R & BLAST 


H 
= 
!W_R 


I = 
!W_R & 
!BLAST 
J. 
BLAST 


FIgure 11. Quad-Word 
Write State DIagram 


I 


, r, ' Tw' 
, Tw 
' 
Tw 
: TdO ' Tw 
' Tdl 
' 
Tw 
' 
Td2 
' Tw 
' 
Td3 
r 
, 


: IDLE :ACCO:ACCl 
:ACC2:ACC3:ACC4:ACCS:ACC2:ACC3:ACC4:ACCS: 


:r 


:\' 
.: I 
,~ 
, 
,:\..2 
, ( >2 : 


'LY 
' 
, 


I :U- 


' 
, 


Figure 12. 
Quad-Word 
Write Timing 
Diagram 
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5.4 
Single-WordWrite 
At the end of ACCESS I, MUX is asserted. This causes the 
column address to be selected. CASOO is also asserted. 
From ACCESS I, the machine enters ACCESS4 state. 
The ACCESS state machine takes a slightly different path 
when the write request is aligned on an odd word boundary. 
Figure 13 shows the state diagram for a single-word write; 
Figure 14 shows the timing diagram. 


At the end of the ACCESS4 state, CASOB3:0 are asserted 
if CASOO and the respective Byte Enable signals from the 
processor are asserted. CASOO is deasserted at the end of 
ACCESS4. The machine then proceeds to ACCESS5 state. 
From the IDLE state, the machine enters the ACCESSO 
state due to a processor request or a pending processor 
request. At the end of the IDLE state, the A3EVEN and 
A30DD state machines are loaded with the processor's 
address A3, and the ODDACCESS state machine is loaded' 
with the processor's address A2. 


The ACCESS5 state is the data cycle (Tdo) for the write 
access which is aligned on odd word boundary (A2 = I). At 
the end of ACCESS5, CASOB3:0 are deasserted. The 
machine then proceeds to the IDLE state. 


At the end of ACCESSO state, RASO is asserted. The 
machine then proceeds to the ACCESSI state. 
I 
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At the end of the REFRESH2 
state, ~ 
is asserted while 
~ 
is deasserted. 
The machine 
then proceeds 
to the 
REFRESH3 
state. 


At 
the 
end 
of 
the 
REFRESH3 
state, 
CASEB3:'O 
are 
, 
-:-- 
---, 
. deasserted. 
This is because 
~ 
is sampled 
deasserted. 


The machine then proceeds 
to REFRESH4 
and REFRESH5 


state. 
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A = 
ADS & !REFREQ & !ACC_PEND & DRAMADDR & SRASE 
* 
!REFREQ & ACC_PEND 


B = 
ADS & !REFREQ & !ACC_PEND & DRAMADDR & !SRASE 


C = 
UNCONDITION~ 
o = 
!W_R"!LA2 


E 
= 
!W_R 


F = 
BLAST 


Figure 13. Single-Word Write State' Diagram 
(A2 = 1) 


0 
Ta 
0 Tw : r, 
0 
Tw 
0 
TdO 
: 
[ 


: IDLE: 
ACCO: 
ACC1 
: ACC4: 
ACCS 
: 


1X_CLK 


ADS [:LY 


A31:3 [J( 
0 
:r 
~ 
[ 
:\ 
[J : 
R~W 


! 
X 
:colum~ 
DA10:1 


A30 
[~r 
~ 


o 
0 


H,I 
I 


CASOB3:0 
[ 


031:00 
[0 
( 
dO 
)- 


031:0 
L... 


o 
.( 
dO 
>- 


READY 
[0 
:LJ 


Figure 14. Single-Word Write Timing Diagram 
(A2 = 1) 
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5.5 
.Refresh Cycles 


The refresh counter 
requests 
a DRAM refresh every 7.8 us, 


One bank is refreshed 
at a time in alternation. 
The ACCESS 


state machine 
sequences 
the refresh 
and based on the ·state 
of the RFEVENBK 
state 'machine, 
either 
the even or the 
odd bank is refreshed. 
The following 
text assumes the even 
bank is to be refreshed, 
for example 
the RFEVENBK 
state 
machine 
is active. 
The odd bank is refreshed 
in a similar 
manner when the RFEVENBK 
state machine 
is inactive. 


Figure 
15 shows the refresh 
state diagrain. 
From the IDLE 


state, the machine 
enters the REFRESHO 
state if REFREQ 
is asserted. 
At the end of REFRESHO, 
~ 
is asserted. 


'The 
counter 
is also reloaded, 
which 
deasserts 
REFREQ. 


Counting 
resumes on the next clock edge. The machine then 


proceeds 
to the REFRESH I state. 


At the end of the REFRESH I state, ~3:0 
are asserted. 


~3:0 
are 
asserted 
because 
~ 
is 
sampled 


asserted. 
The machine 
then 
proceeds 
to the REFRESH2 


state. 


At 
the 
end 
of 
REFRESH5, 
RASE 
is 
deasserted, 
The 


machine then proceeds 
to the IDLE state 


I 


Figure 15. 
Refresh 
State Diagram 


; IDLE; REFO; REF1; REF2; REF3;REF4 
;REF5; 
IDLE; 
; IDLE; REFO; REFl ; REF2 ;REF3 ; REF4; REF5 ; IDLE 


lX_ClK [ 


REFREQ [~ 
\ 
REFEVEN [, 
,/ 


RASE [' 
:\ 
'/ 


CASEE [ 
:\ 
:/ 
I 
CASEB3:0 [ 
:\ 
:1 


RASO [ 
:\ 
.r 


CASOO [ 
:\ 
'/ 


CASOB3:0 [ 
:\ 
:/ 


Figure 16. 
Refresh 
Timing 
Diagram 


I 
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6.0 
CONCLUSION 


In conclusion, 
this 
application 
note 
describes 
a DRAM 
controller 
for use with i960@ CF ·40 MHz microprocessors. 


This DRAM 
Controller 
was built and tested for validation 
purposes. 
The PLD equations 
which were used to build and 
test the prototype 
design were created in ABEL. All timing 
analysis 
was 
verified 
with 
Timing 
Designer. 
Schematics 
were created with OrCAD. 
The timing analysis, 
schematics 
and 
PLD 
files 
are 
available 
through 
Intel's 
America's 
Application 
Support BBS, at (916) 356-3600. 


7.0 
RELATED 
INFORMATION 


This 
application 
note 
is one 
of four 
that 
are 
related 
to 
DRAM 
controllers 
for the i960 processors. 
The following 
table shows the documents 
and order numbers: 


Document 
Name 
App. 
Order # 
Note # 


DRAM Controller for the 33, 25, and 16 
AP-703 
272627 
. MHz i9601'!>CA/CF Microprocessors 


DRAM Controller for the i9601'!>Jx Micro- 
AP-712 
272674 
processors 


SimRle DRAM Controller for 25116 MHz 
AP-704 
272628 
i9601'!>CA/CF Microprocessors 


To receive 
these 
documents 
or any other 
available 
Intel 
literature, 
contact: 


Intel Corporation 
Literature 
Sales 
ao. Box 7641 
Mt. Prospect 
IL 60056-7641 
1-800-879-4683 


To receive files that contain the timing analysis, 
schematics 
and PLD equations 
for this and the other DRAM controller 
application 
notes, contact: 


Intel Corporation 
America's 
Application 
Support BBS 
916-356-3600 
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APPENDIX 
A 
PLO EQUATIONS 


Table A-I contains 
the PLD equations 
which were used to build and test the prototype 
design. 
Table A-2 defines 
signal 


and product term allocation. 
The PLD equations 
were created in ABEL as a device-independent 
design. Using the ABEL 
software*, 
a PDS file was created 
and subsequently 
imported 
into PLDSHELL 
software*. 
PLDSHELL 
was used to 


incorporate 
the design into the Altera EPX780 FLEXlogic 
PLD*. PLDSHELL 
was also used to create the JEDEC file, and 


to simulate 
the design. 
In addition, 
this appendix 
contains 
a table listing 
the number 
of product 
terms 
used by each 


macrocell. 


This DRAM controller 
does not use the APK_ACTIVE 
signal. 


Table A-1. 
40 MHz DRAM Controller 
PL,D Equation 
(Sheet 
1 of 19) 


Module 
Title 
Source 
File 


Revision 
Date 
Designer 


CX40T 
'DRAM 
Controller 
for 
40MHz 
CX40T.ABL 
Rev 
0.0 
11/17/94 
Sailesh 
Bissessur 
Intel 
i960 
Applications 
Engineering' 


2-Way 
Interleaved 
DRAM 
controller 
for 
the 
960CF 
40MHz. 
This 
design 
also 
contains 
logic 
for 
FLASH, 
HEX 
DISPLAY, 
and 
Software 
Reset 
DRAM 
OxAOOOOOOO 
FLASH 
OxFFFEOOOO 
HEX 
DISPLAY 
OxB8000000 
SW 
Reset 
OxBOOOOOOO 


Uxx 
device 
'iFX780_l32'; 
inputs 
CLKl 
CLK2 
PIN; 
" lx 
clock 
PIN; 


Address 
A2 
External 
Reset 
Processor 
Wait 
Address 
Strobe 
Burst 
Last 
Read/Write 
Address 
A3l 
Address 
A30 
Address 
A29 
Address 
A28 
Address 
A27 
Delayed 
Clock 
Address 
A3 
Byte 
Enable 
3 
Byte 
Enable 
2 
Byte 
Enable 
1 
Byte 
Enable 
0 
Indicate 
presence 
of 
ApLrnk 


A2 
!EXTRST 
!CPUWAIT 
!ADS 
!BLAST 
!W_R 
A3l 
A30 
A29 
A28 
A27 
DCLKl 
A3 
!BE3 
!BE2 
.!BEl 
!BEO 
!APK ACTIVE 


PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 
PIN; 


I 
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; "J.:o,L·J.:oYJ:IL'I 
.J..~L.YiJt::: 
L"'Y 
; 
WIl~(;U DanK. 
1:0 re:rresn 
!CASEE 
PIN 
istype 
'reg' ; 
" 
Pipelined 
Even 
CAS 
!CASOO 
PIN 
istype 
'reg' ; 
" 
Pipelined 
Odd 
CAS 
A30 
PIN 
istype 
'reg' ; 
" 
Odd 
Address 
Counter 
!WAIT 
PIN. 
istype 
'corn' 
; 
" wait 
state 
indicator 
!RASE 
PIN 
istype 
'reg' ; 
" 
Even 
RAS 
'MUX 
PIN 
istype 
'reg' ; 
" 
Selects 
Row/Cqlumn 
Address 
CASEBO 
PIN 
istype 
'reg' ; 
" 
Byte 
0 
Even 
CAS 
CASEB1 
PIN 
istype 
'reg' ; 
" 
Byte 
1 Even 
CAS 
CASEB2 
PIN 
istype 
'reg' ; 
" 
Byte 
2 Even 
CAS 
CASEB3 
PIN 
istype 
'reg' ; 
" 
Byte 
3 Even 
CAS 
CASOBO 
PIN 
istype 
'reg' ; 
" 
Byte 
0 
Odd 
CAS 
CASOB1 
PIN 
istype 
'reg' ; 
" 
Byte 
1 Odd 
CAS 
CASOB2 
PIN 
istype 
'reg' ; 
" 
Byte 
2 Odd 
CAS 
CASOB3 
PIN 
istype 
'reg' ; 
" 
Byte 
3 Odd 
CAS 
S3 
PIN 
istype 
'reg' ; 
" 
Refresh 
Counter 
1 bit 
3 
S2 
PIN 
istype 
'reg' ; 
" 
Refresh 
Counter 
1 bit 
2 
Sl 
PIN 
istype 
'reg' ; " 
Refresh 
Counter 
1 bit 
1 
SO 
PIN 
istype 
'reg' ; 
Refresh 
Counter 
1 bit 
0 
T3 
PIN 
istype 
'reg' ; 
" 
Refresh 
Counter 
2 bit 
3 
T2 
PIN 
istype 
'reg' ; 
Refresh 
Counter 
2 bit 
2 
T1 
PIN 
istype 
Iregl; 
" 
Refresh 
Counter 
2 bit 
1 
TO 
PIN 
istype 
Ireg' ; 
" 
refresh 
Counter 
2 bit 
0 
!REFREQ 
PIN 
istype 
"c om ' ; 
" 
Refresh 
Required 
!FLASHCS 
PIN 
istype 
Ireg' ; 
" 
FLASH 
Chip 
Select 
!FLASHRD 
PIN 
istype 
Ireg' ; . FLASH 
OE 
!FLASHWR 
PIN 
istype 
'corn' 
; 
" 
FLASH 
WE 
!XCROE 
PIN 
istype 
'reg' ; 
" 
XCR 
OE 
control 
!XCRDIR 
PIN 
istype 
"c om ' ; 
" 
XCR 
DIR 
control 
!SWRST 
PIN 
istype 
'reg' ; 
SW 
Reset 
Indicator 
!TRIGRST 
PIN 
istype 
'regl; 
" 
Triggers 
the 
7705 
!RESET 
PIN 
istype 
'reg' ; 
System 
Reset 
!WRE 
PIN 
istype 
'corn' 
; 
" 
Odd 
Bank 
WE 
!WRO 
PIN 
istype 
'corn' 
; 
" 
Even 
Bank 
WE 
!SRASE 
PIN 
istype 
'reg' ; 
" 
Shifted 
RASE 
LED_LAT 
PIN 
istype 
'reg' ; 
Hex 
Display 
Pulse 


C 
.c. ; 


X 
.X. ; 
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Table A·1. 
40 MHz DRAM Controller 
PLO Equation 
(Sheet 3 of 19) 


CYCLE 
ODDACCESS 
BANKSELA 
BANKSELB 
PENDING 
RDY 
RASEVEN 
RASODD 
CASPIPE 
CASPIPO 
ADDRMUX 
A3EVEN 
A30DD 
RFEVENBK 
CASE_BO 
CASE_Bl 
CASE_B2 
CASE_B3 
CASO_BO 
CASO_Bl 
CASO_B2 
CASO_B3 
REFCT2 
= 
REFCTl 
= 
DRAMADDR 
FLASHADDR 
SWRSTADDR 
LEDADDR 


ASSERT 
DEASSERT 


ZO 
Zl 
Z2 
Z3 
Z4 
Z5 
Z6 
Z7 
Z8 
Z9 
ZlO 
Zll 
Z12 
Z13 
Z14 
Z15 


I 


[Q3,Q2,Ql,QO) 
; 
[LA2) ; 
[SELA) ; 
[SELB) ; 
[ACC_PEND) 
; 
[READY) ; 
[RASE) ; 
[RASO) ; 
[CASEE) ; 
[CASOO) ; 
[MUX) ; 
[A3E) ; 
[A30) ; 
[REFEVEN) ; 
[CASEBO) ; 
[CASEB1) ; 
[CASEB2) ; 
[CASEB3) ; 
[CASOBO) ; 
[CASOB1) ; 
[CASOB2) ; 
[CASOB3) ; 
[T3 ,T2 ,Tl ,TO) ; 
[S3,S2,Sl,SO); 


(A3l & !A30 & 
(A3l & 
A30 
& 
(A3l & !A30 & 
(A3l & !A30 & 


AbOOOO; 
Ab0001; 
Ab0010; 
-sooi i ; 
Ab0100; 
Ab010l; 
-so n o, 
AbOlll; 
AblOOO; 
Abl001; 
Abl010; 
AblOll; 
AbllOO; 
AbllOl; 
AblllO; 
Abllll ; 


A29 & !A28 & !A27) 
A29 & 
A28 & 
A27) 
A29 & 
A28 & !A27) 
A29 & 
A28 
& 
A27) 
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Table A·1. 
40 MHz DRAM Controller 
PLD Equation 
(Sheet 4 of 19) 


IDLE 
ACCESSO 
ACCESSl 
ACCESS2 
ACCESS3 
ACCESS4 
ACCESS5 
ACCESS6 
ACCESS7 
REFRESHO 
REFRESHl 
REFRESH2 
REFRESH3 
REFRESH4 
REFRESH5 
REFRESH6 


AbOOOO; 
Ab0001; 
Ab0010; 
AbOOll; 
Ab0100; 
Ab010l; 
-so n o, 
AbOlll; 
"this 
state 
is 
never 
entered 


AblOOO; 
"this 
state 
is never 
entered 
Abl001; 
Abl010; 
AblOll; 
AbllOO; 
AbllOl; 
AblllO; 
Abllll; 
"this 
state 
is never 
entered 


"Holds 
state 
of 
A2 
of 
the 
processor 


state_diagram 
ODDACCESS 
state 
ASSERT: 


if «CYCLE 
else 
IDLE) 
& A2) 
then 
DEASSERT 


ASSERT; 


state 
DEASSERT: 


if«CYCLE 
== 
IDLE) 
& !A2) 
then 
ASSERT 


"Even 
byte 
0 CAS 


DEASSERT; 


""""11111111111111111111111111111111111111111111111111""111111""""1111""111111111111111111111'"111111111111111111111'''''''"111111111111111111'' 


else 


state_diagram 
CASE_BO 
state 
ASSERT: 
if(!Q3 
& !CASEE) 
then 
DEASSERT 
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else 
if(Q3 
& !CASEE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& W_R 
& WAIT 
& CASEE 
& BEO) 
then 
ASSERT 
else 
if(!Q3 
& W_R 
& !WAIT & CASEE 
& BEO 
& !BLAST) 
then 
ASSERT 
else 
if(!Q3 
& !W_R & CASEE 
& BEO) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 


. 


I 
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Table A-1. 
40 MHz DRAM Controller 
PLD Equation 
(Sheet 5 of 19) 


"" 
'I 
to 
11"""" 
11" 
11 11 11 Ill! 
IIHI 
11 11 I1 
11 "" 
"" 
11 11 1'" 
"""""""" 
,•• 
1" 
11 11 11 11" 
11"" 
"" 
11 "" 
".""""""" 
11"""""" 
11"""" 
11"""" 


'"Even byte 
1 CAS 


state_diagram 
CASE_B1 
state 
ASSERT: 


if(!Q3 
& 
!CASEE) 
then 
DEASSERT 
else 
if(Q3 
& !CASEE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& W_R 
& 
WAIT 
& CASEE 
& BEl) 
then 
ASSERT 
else 
if(!Q3 
& W_R 
& 
!WAIT & CASEE 
& BEl 
& 
!BLAST) 
then 
ASSERT 
else 
if (!Q3 &.!W_R 
& CASEE 
& BEl) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 


'"Even byte 
2 CAS 


111111111111111111"""""111111"""""""1111111111111111""""""111111 
""11111111111111""""""""111111""""""""1111"""11111111 
11 
. 
, 


state_diagram 
CASE_B2 
state 
ASSERT: 
if(!Q3 
& !CASEE) 
then 
DEASSERT 
else 
if(Q3 
& 
!CASEE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& W_R 
& 
WAIT 
& CASEE 
& BE2) 
then 
ASSERT 
else 
if(!Q3 
& W_R 
& !WAIT & CASEE 
& BE2 & 
!BLAST) 
then 
ASSERT 
else 
if(!Q3 
& !W_R & CASEE 
& BE2) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 


I 


1-559 


state 
DEASSERT: 
if(!Q3 
& W_R 
& 
WAIT 
& CASEE 
& BE3) 
then 
ASSERT 
else 


else 
if (.!Q3 & W_R 
& !WAIT 
& CASEE 
& BE3 & !BLAST) 
then 
ASSERT 


if(!Q3 
& !W_R & CASEE 
& BE3) 
then 
ASSERT 
else 
if(Q3 
& CASEE) 
then 
ASSERT 
else 
DEASSERT; 


"odd 
byte' 0 CAS 


state_diagram 
CASO_BO 
state 
ASSERT: 


if (!Q3 & !CASOO) 
then 
DEASSERT 
else 
if (Q3 & !CASOO) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if (!Q3 & W_R 
& WAIT 
& CASOO 
& BEO & BLAST 
& !LA2) 
then 


ASSERT 
else 
if( !Q3 & W_R 
& WAIT 
& CASOO 
& BEO & !BLAST 
& LA2) 
then 


ASSERT 
else 
if(!Q3 
& !W_R & CASOO 
& BEO) 
then 
ASSERT 
else 
if(Q3 
& CASOO) 
then 
ASSERT 
else 
DEASSERT; 
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Table A·1. 
40 MHz DRAM Controller 
PLO Equation 
(Sheet 7 of 19) 


"Odd 
byte 
1 CAS 


111111111111111111"""11111111111111111111111111111111111111111 
"'" 
1111111111111'"1111111111111111111111111111111111111111111111111111111111111111111111 


1111111111111111111111111111111111111111111111111111111111111111111111111111111111"""11111111111111""11111111111111111111111111111111"111111111111111111 


state_diagram 
CASO_Bl 
state 
ASSERT: 
if(!Q3 
& 
!CASOO) 
then 
DEASSERT 


"Odd 
byte 
2 CAS 


else 
if(Q3 
& !CASOO) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(!Q3 
& W_R & WAIT 
& CASOO 
& BEl & BLAST 
& !LA2) 
then 
ASSERT 
else 
if(!Q3 
& W_R & WAIT 
& CASOO 
& BEl & !BLAST & LA2) 
then 
ASSERT 
else 


else 
if(!Q3 
& !W_R & CASOO 
& BEl) 
then 
ASSERT 


if(Q3 
& CASOO) 
th~n 
ASSERT 


DEASSERT; 
else 


state_diagram 
CASO_B2 
state 
ASSERT: 
if (!Q3 
& 
!CASOO) 
thjen DEASSERT 


if(Q3 
& !CASOO) 
then 
DEASSERT 


J 


else 


else 
ASSERT; 


state 
DEASSERT: 
if( !Q3 & W_R & WAIT 
& CASOO 
& BE2 & BLAST 
& !LA2) 
then 
ASSERT 
else 
if(!Q3 
& W_R & WAIT 
& CASOO 
& BE2 & !BLAST & LA2) 
then 
ASSERT 
else 
if(!Q3 
& !W_R & CASOO 
& BE2) 
then 
ASSERT 
else 
if(Q3 
& CASOO) 
then 
ASSERT 
else 
DEASSERT; 
. 


! 


i 


, 


I 


: 


, 


. 
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Table A·1. 
40 MHz DRAM Controller 
PLO Equation 
(Sheet 8 of 19) 


"Odd 
byte 
3 CAS 


state_diagram 
CASO_B3 
state 
ASSERT: 
if(!Q3 
& 
!CASOO) 
then 
DEASSERT 
else 
if(Q3 
& !CASOO) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 


if (!Q3 
& W_R 
& WAIT 
& CASOO 
& BE3 
& BLAST 
& 
!LA2) 
else 
if (!Q3 
& W_R 
& WAIT 
& CASOO. & BE3 
& 
!BLAST 
& LA2) 
else 
if (!Q3 
& 
!W_R 
& 
CASOO 
& BE3) 
then 
ASSERT 
else 


then 
ASSERT 


then 
ASSERT 


if(Q3 
& CASOO) 
then 
ASSERT 
else 
DEASSERT; 


"Keeps 
track 
of 
any 
pending 
accesses 


state_diagram 
PENDING 
state 
ASSERT: 


if (CYCLE 
ACCESSl) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 


if(ADS 
& DRAMADDR) 
then 
ASSERT 
else 
DEASSERT; 


"Indicates 
which 
Bank 
is 
to be 
refreshed 
next 
when 
!REFREQ 
becomes 
active 


state_diagram 
RFEVENBK 
state 
ASSERT: 


if «CYCLE 
REFRESH2» 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if «CYCLE 
REFRESH2» 
then 
ASSERT 
else 
DEASSERT; 


1·562 


I 


I 


I 
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"Selects 
even 
or 
odd 
data 


Table A-1. 
40 MHz DRAM Controller 
PLD Equation 
(Sheet 9 of 19) 


AP-706 


state_diagram 
BANKSELA 
state 
ASSERT: 
if(CYCLE 
== ACCESS4) 
th~n 
DEASSERT 
else 


ASSERT; 


if«CYCLE 
== 
IDLE) 
& W_R 
& A2) 
then 
DEASSERT 
else 


state 
DEASSERT: 
if ((CYCLE 
else 
if «CYCLE 
else 
DEASSERT; 


"Selects 
even 
or 
odd 
data 


ACCESS3) 
& W_R) 
then 
ASSERT 


IDLE) 
& W_R 
& !A2) 
then 
ASSERT 


else 


state_diagram 
BANKSELB 
state 
ASSERT: 
if(CYCLE 
== ACCESS4) 
then 
DEASSERT 


if «CYCLE 
else 
ASSERT; 


state 
DEASSERT: 
if «CYCLE 
else 
if «CYCLE 
else 
DEASSERT; 


""""""1111111111111111111111111111111111"""""1111""11"""""""11111111""11""""""1111111111111111111111111111111111111111111111111111 


"Generates 
READY 
to 
the 
processor 


state_diagram 
RDY 


. state 
ASSERT: 
if «CYCLE 
else 
if «CYCLE 
else 
if «CYCLE 
else 
ASSERT; 


state 
DEASSERT: 
if «CYCLE 
else 
if «CYCLE 
else 
if «CYCLE 
else 
if «CYCLE 
else 
DEASSERT; 
I 


IDLE) 
& W_R & A2) 
then 
DEASSERT 


ACCESS3) 
& W_R) 
then 
ASSERT 


IDLE) 
& W_R 
& 
!A2) 
then 
ASSERT 


ACCESS4) 
& W_R 
& BLAST) 
then 
DEASSERT 


ACCESS5)t 
then 
DEASSERT 


ACCESS3)) 
then 
DEASSERT 


ACCESS2) 
& !W_R) 
then 
ASSERT 


ACCESS3) 
& W_R 
& LA2) 
then 
ASSERT 


ACCESS4) 
& W_R 
& 
!LA2) 
then 
ASSERT 


ACCESS4) 
& !W_R) 
then 
ASSERT 


, 
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else 
if ((CYCLE 
REFRESH5)} 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if((CYCLE 
== IDLE} 
& ADS & !REFREQ 
& !ACC_PEND 


.& DRAMADDR 
& 
!SRASE} 
then 
ASSERT 
else 
if ((CYCLE 
ACCESSO)} 
then 
ASSERT 
else 
if ((CYCLE 
REFRESH2) 
& REFEVEN} 
then 
ASSERT 
else 
DEASSERT; 


11111111111111111111 
111111"""11""111111"""1111""111111""""1111111111111111111111111111""1111""11111111111111111111111111111111""""111111 


"Odd 
RAS 


state_diagram 
RASODD 
state 
ASSERT: 
if((CYCLE 
== ACCESS3} 
& !W_R & BLAST} 
then 
DEASSERT 
else 
if((CYCLE 
== ACCESS~} 
& W_R 
& BLAST 
& LA2} 
then 
DEASSERT 
else 
if((CYCLE 
== ACCESS5} 
& BLAST} 
then 
DEASSERT 
else 
if((CYCLE 
== REFRESH5}} 
then 
DEASSERT 
else 


.. 
ASSERT; 


state 
DEASSERT: 
if((CYCLE 
== 
IDLE} 
& ADS 
& 
!REFREQ 
& 
!ACC_PEND 
&.DRAMADDR 
& 
!SRASE} 
then 
ASSERT 
else 
if ((CYCLE 
ACCESSO)} 
then 
ASSERT 


REFRESH2} 
& 
!REFEVEN} 
then 
ASSERT 
else 
if ((CYCLE 
else 
DEASSERT; 
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Table A-1. 
40 MHz DRAM Controller 
PLO Equation 
(Sheet 11 of 19) 


"Pipelined 
Even 
CAS 


state_diagram 
CASPIPE 
s t.at e ASSERT: 
I, 


if «CYCLE 
== ACCESS2) 
& iW_R) 
then 
DEASSERT 
else 


': 
if «CYCLE 
==,ACCESS3) 
& W_R) 
then 
DEASSERT 
else 


f: 


if «CYCLE 
ACCESS5) 
& BLAST 
& W_R) 
then 
DEASSERT 
else 
if «CYCLE 
REFRESH2) 
) then 
DEASSERT 
else 
~. 
ASSERT; 


state 
DEASSERT: 
! 
if( (CYCLE 
ACCESS1) 
& LA2) 
then 
ASSERT 
else 
, 


if «CYCL~ 
ACCESS4) 
& W_R 
& LA2 & iBLAST) 
then 
ASSERT 
else 
if ((CYCLE 
ACCESS5) 
& !W_R & !BLAST) 
then 
ASSERT 
else 
if «CYCLE 
REFRESHO) 
& REFEVEN) 
then 
ASSERT 
else 
DEASSERT; 


"Pipelined 
Odd 
CAS 


1111111111111111"""11111111111111111111111111111111""111111""111111""1111""1111111111"'"IIIIIIIlIlIlIlllIi'"IIIIIIIIIIIIIIU,II';"IIIIIIIIIIIIII 
state_diagram 
CASPIPO 
state 
ASSERT: 
if «CYCLE 
ACCESS4» 
then 
DEASSERT 
else, 


if «CYCLE 
REFRESH2» 
then 
DEASSERT 
else 
ASSERT; 


s,tate DEASSERT: 
if «CYCLE 
else 
if «CYCLE 
else 
if «CYCLE 
else 
if «CYCLE 
else 
if «CYCLE 
else 
DEASSERT; 


ACCESS2) 
& W_R 
& LA2 & !BLAST) 
then 
ASSERT 


ACCESS3) 
& !W_R & LA2 
& !BLAST) 
then 
ASSERT 


ACCESS1) 
& !LA2) 
then 
ASSERT 


ACCESS5) 
& !BLAST 
& W_R) 
then 
ASSERT 


REFRESHO) 
& iREFEVEN) 
then 
ASSERT 


I 


; 


I, 


, 


" 


: 
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Table A-1. 
40 MHz DRAM Controller 
PLD Equation 
(Sheet 12 of 19) 


"Even 
address 
counter- 


IDLE) 
& 
A3) 
then 
ASSERT 


111111111111111111111111111111111111111111111111111111 
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111""" 


state_diagram 
A3EVEN 
state 
DEASSERT: 


if «CYCLE 
else 
if «CYCLE 
elpe 
DEASSERT; 


state 
ASSERT: 
if «CYCLE 
else 
if «CYCLE 
else 


ACCESS4» 
then 
ASSERT 


IDLE) 
& !A3) 
then 
DEASSERT 


"Odd 
address 
counter 


ASSERT; 


11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 


ACCESS4» 
then 
DEASSERT 


1111111111111111111111111111111111 
1111111111111111111111111111111111""11111111111111111111111111111111111111111111111111111111111111111111111111""11111111 


state_diagram 
A30DD 
state 
DEASSERT: 


if «CYCLE 
else 
if «CYCLE 
else 
DEASSERT; 


state 
ASSERT: 
if «CYCLE 
else 
if «CYCLE 
else 
ASSERT; 


IDLE) 
& 
A3) 
then 
ASSERT 


ACCESS5» 
then 
ASSERT 


IDLE) 
& !A3), 
then 
DEASSERT 


1111 
111111111111 
11111111 
11111111111111111111 
1111111111"11111111 
11 
I! 
11 
11 
111111 
1111111111111111 
1111111111111111111111"111111111111111111111111111111111111111111 


ACCESS5» 
then 
DEASSERT 


"Main 
DRAM 
state 
machine 
- ACCESS 
state 
machine 


else 


state_diagram 
CYCLE 
state 
IDLE: 
if(ADS 
& !REFREQ 
& !ACC_PEND 
& DRAMADDR 
& 
SRASE) 
then 
ACCESSO 


if(ADS 
& !REFREQ 
& !ACC_PEND 
& DRAMADDR 
& !SRASE) 
then 
ACCESSl 


else 


else 
if(!REFREQ 
& ACC_PEND) 
then 
ACCESSO 


if (REFREQ) 
then 
REFRESHO 
else 
IDLE; 


state 
ACCESSO: 
goto 
ACCESS1; 


state 
ACCESS1: 


if(W_R 
& !LA2) 
then 
ACCESS3 
else 


ACCESS2; 


if(!W_R 
& !LA2) 
then 
ACCESS4 
else 


state 
ACCESS2: 


goto 
ACCESS3; 


1-566 
I 


IDLE; 


state 
ACCESS6: 


goto 
IDLE; 
• 


state 
ACCESS7: 


goto 
REFRESHO; 


state 
REFRESHO: 
goto 
REFRESH1; 


state 
REFRESH1: 
go to 
REFRESH2; 


state 
REFRESH2: 
goto 
REFRESH3; 


state 
REFRESH3: 
go to 
REFRESH4; 


state 
REFRESH4: 
goto 
REFRESH5; 


state 
REFRESH5: 
goto 
IDLE; 


state 
REFRESH6: 
goto 
IDLE; 


"Row/Column 
address 
select 


state_diagram 
ADDRMUX 
state 
ASSERT: 
if(!RASE) 
then 
DEASSERT 
else 
ASSERT; 


state 
DEASSERT: 
if(RASE) 
then 
ASSERT 
else 
DEASSERT; 


I 
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state 
Z2: 


if (Q3) 
then 
Z15 
else 
Zl; 


state 
Z3 : 
• 
if (Q3) 
then 
Z15 
else 
Z2; 


state 
Z4: 


if(Q3) 
then 
Z15 
else 
Z3; 


state 
Z5: 


if (Q3) 
then 
Z15 


.else 
Z4; 


state 
Z6: 


if (Q3) 
then 
Z15 


else 
z5; 


state 
Z7: 
if(Q3) 
then 
Z15 
else 
z6; 


state 
Z8: 
if (Q3) 
then 
Z15 
else 
Z7; 


state 
Z9: 
if (Q3) 
then 
Z15 
else 
Z8; 


state 
ZlO: 
if (Q3) 
then 
Z15 
else 
Z9; 
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Table A-l., 
40 MHz DRAM Controller 
PLO Equation 
(Sheet 15 of 19) 


I 


state 
Zll: 
if (Q3) 
then 
Z15 
else 
ZlO; 


state 
Z12: 
if(Q3) 
then 
Z15 
else 
Zl1; 


state 
Z13: 
if (Q3) 
then 
Z15 
else 
Z12; 


state 
Z14: 
if(Q3) 
then 
Z15 


.else 
Z13; 


state 
Z15: 


if(Q3) 
then 
Z15 
else 
Z14; 


" 
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Table A·1. 
40 MHz DRAM Controller 
PLD Equation 
(Sheet 16 of 19) 


"Refresh 
Counter 
2 


1111"""111111""""""11111111111111111111111111""""""111111111111"""""1111111111111111111111111111""""11111111111111""111111111111111111 


state_diagram 
REFCT2 
state 
zoo 
if(Q3) 
then 
Z15 
else 
ZO; 


state 
Z1: 
if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCT1 
else 
Z1; 


state 
Z2: 


if (Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCT1 
else 
Z2; 


state 
Z3: 
if (Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCT1 
else 
Z3; 


ZO» 
then 
ZO; 


ZO» 
then 
Z1; 


ZO» 
then 
Z2; 


state 
Z4: 
if (Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCT1 
ZO)) 
then 
z3; 
else 
Z4; 


state 
Z5: 
if (Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCT1 
ZO) ) then 
Z4; 
else 
Z5; 


state 
Z6: 
if (Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCT1 
ZO) ) then 
z5; 
else 
Z6; 


state 
Z",: 


if(Q3) 
then 
Z15 
else 


.if (!Q3 
& 
(REFCT1 
ZO) ) then 
Z6; 


else 
Z7; 
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. 


> 
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state 
ZlO: 
if(Q3) 
then 
Z15 
else 
if (!-Q3 & 
(REFCTl 
ZO» 
then 
Z9; 
else 
ZlO; 


state 
Zll: 
if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
ZlO; 
else 
Zll; 


state 
Z12: 
if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
Zl1; 
else 
Z12; 


state 
Z13: 
if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
.Z12; 
else 
Z13; 


state 
Z14: 
if (Q3) 
then 
Z15 
else 
if( !Q3 
& 
(REFCTl 
ZO» 
then 
Z13; 
else 
Z14; 


state 
Z15: 
if(Q3) 
then 
Z15 
else 
if (!Q3 
& 
(REFCTl 
ZO» 
then 
Z14; 
else 
Z15; 


I 
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(CYCLE 
# 
(CYCLE 
# 
(CYCLE 
# 
(CYCLE 


ACCESSO) 
& W_R 
ACCESS1) 
& W_R 
ACCESS2) 
& W_R 
ACCESS3) 
& W_R; 


WAIT 


[!MUX, !RASE, !RASO, !CASEE, !CASOO,A3E,A30, 
!REFEVENJ.clk 
= CLK1; 
[!MUX, !RASE, !RASO, !CASEE, !CASOO,A3E,A30, 
!REFEVENJ.pr 
= RESET; 


[!CASEBO, 
!CAS~Bl, !CASEB2, !CASEB3, !CASOBO, !CASOB1, !CASOB2, !CASOB3J .clk 
CLK1; 


[T3,T2,Tl,TO,S3,S2,Sl,SOJ 
.clk 
= CLK1; 
[T3,T2,Tl,TO,S3,S2,Sl,SOJ 
.pr 
= RESET; 


"Refresh 
required 
indicator 


REFREQ 
!T3 & !T2 & !Tl & !TO & !S3 & !S2 & !Sl & !SO; 


"FLASH 
Chip 
Select 


FLASHCS:= 
ADS 
& FLASHADDR 
& !APK_ACTIVE 
# 
!ADS & !BLAST 
& FLASHCS; 


"FLASH 
OE 
control 


FLASHRD 


"XCR 
OE 
control 


XCROE:= 
FLASHCS 
& !BLAST 
& !APK_ACTIVE 
# 
!ADS & LEDADDR 
& !BLAST; 


"XCR 
DIR 
control 


"Software 
reset 
indicator 


SWRST:= 
ADS 
& SWRSTADDR 
# 
!ADS & !BLAST 
& SWRST; 


"Triggers 
the 
7705 


TRIGRST 
:= TRIGRST; 
TRIGRST.RE 
= SWRST; 
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Table A·1. 
40 MHz DRAM Controller 
PLD Equation 
(Sheet 19 of 19) 


[!FLASHCS, 
!XCROE, !SWRST, !TRIGRST,LED_LAT,SRASE).clk 


[!FLASHCS, 
!XCROE, !SWRST, !TRIGRST) 
.pr = 
RESET; 
LED_LAT.RE 
= RESET; 


CLK1; 


"Pulse 
the 
HEX 
DISPLAY 


LED_LAT 
:= 
!ADS & LEDADDR 
& XCROE 
& 
!BLAST; 


"Latched 
RASE 
or 
RASO 


SRASE 
:= RASE 
# 
RASO; 


"DRAM 
data 
path 
control 
while 
reading 


RDEN 
= 
!Q3 
& 
W_R 
& RASE;· 


" Even 
DRAM 
data 
path 
control 
while 
wr~ting 


WRE 
!Q3 & !W_R & RASE; 


"Odd 
DRAM 
data 
path 
control 
while 
writing 


WRO 
= 
!Q3 & !W_R & RASE; 


"Latched 
external 
reset 


RESET 
:= 
EXTRST; 


RESET.CLK 
= CLK1; 


" Test 
vectors 


endCX40T 


I 
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Table A·2. 
Signal and Product 
Term Allocation 


OUTPUTS 
BURIED 
MACRO CELLS 
. 


Signal 
Product Terms 
Signal 
Product Terms 


RASE 
7 
CASEE 
10 


RASO 
, 
7 
CASOO 
9 


I 


READY 
6 
03 
, 
3 


A3E 
3 
02 
8 


A30 
3 
01 
9 


SELA 
4 
00 
9 


MUX 
1 
ACC_PEND 
5 


RDEN 
1 
LA2 
5 


CASEB3 
3 
WAIT 
3 


CASEB2 
3 
REFEVEN 
5 


CASEB1 
3 
T3 
2 


CASEBO 
3 
T2 
8 


CASOB3 
5 
T1 
7 


CASOB2 
5 
TO 
6 
, 


CASOB1 
5 
S3 
5 


CASOBO 
5 
S2 
4 


FLASHCS 
2 
S1 
3 


FLASHRD 
1 
SO 
2 


TRIGRST 
1 
REFREO 
1 


XCROE 
2 
SWRST 
2 


XCRDIR 
1 
SRASE 
1 


RESET 
1 


WRE 
1 


WRO 
1 
. 


LED_LAT 
1 


SELB 
4 
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APPLICATION 
NOTE 


DRAM Controller for i960® 
JAlJF/JD Microprocessors 


February 9, 1995 
I 


Order Number: 
272674-001 
1-575 


1.0 
INTRODUCTION 


This application 
note describes 
a DRAM controller 
for use 
with 
Intel's 
i960@ JNJF/JD 
microprocessors. 
Other 
application 
notes 
are 
available 
which 
describe 
DRAM 
controllers 
for the i960 CA and CF processors; 
see Section 
6.0, RELATED 
INFORMA nON 
for ordering 
information. 


This DRAM controller's 
design features include: 


Non-interleaved 
design 


Can use standard 
70 ns DRAM SIMM 


3-1-1-1 wait state burst reads at 33 MHz 


2-1-1-1 wait state burst writes at 33 MHz 


No delay 'lines 


This 
application 
note 
contains 
some 
general 
DRAM 
controller 
theory 
as well 
as this 
design's 
state 
machine 
definitions 
and timing 
diagrams. 
It also contains 
the PLD 
equations 
which were used to build and test the prototype 
design. 
Timing 
analysis 
was 
verified 
with 
Timing 
Designer*. 
PLD 
equations 
were created 
in ABEL* 
as a 
device-independent 
design. 
Schematics 
were 
developed 
with OrCAD*. 
The timing 
analysis, 
schematics 
and PLD 
files are available 
through 
Intel's 
America's 
Application 
Support BBS, at (916) 356-3600. 


1.1 
Design Goals 


A primary goal was to implement 
a single or dual bank 32- 
bit 
DRAM 
controller 
with 
the 
minimum 
number 
of 
components, 
using 
a 
standard 
72-pin 
fast 
page 
mode 
DRAM 
SIMM. 
Such a design may be useful in embedded 
systems 
where 
space 
is at a premium. 
Accordingly, 
this 
design 
avoids 
such 
techniques 
as write 
posting, 
parity 
support 
and bank 
interleaving. 
A non-interleaved 
design 


.significantly 
reduces 
system cost and complexity 
by using 
fewer components 
and logic. 
The memory 
in this design 
can be divided into two banks for addressing 
flexibility. 


1.2 
1960 Jx Processor 
Bus/Core 
Frequencies 


This DRAM 
controller 
is designed 
for use with a 5 volt 
i960 Jx processor 
with bus frequencies 
up to 40 MHz. The 
design was verified 
with a 33 MHz version 
(production 
40 
MHz devices 
were not available 
at the time this document 
was published). 


Available 
80960 JNJF 
speeds 
are 
16 MHz, 
25 MHz 
and 
33 MHz. 
lntel's 
clock-doubled 
version, 
the 
80960JD, 
I 
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operates 
at 16.7 MHz, 
20 MHz and 25 MHz bus speeds, 


with the core operating 
at 33.3 MHz, 40 MHz and 50 MHz, 


respectively. 
Table I details the various DRAM speeds, bus 
speeds 
and wait state combinations 
that were tested 
with 
this design. 


1.3 
Page Mode DRAM SIMM 


Page 
mode 
DRAM 
allows 
faster 
memory 
access 
by 
keeping 
the 
same 
row 
address 
while 
selecting 
random 
column addresses 
within that row. A new column address is 
selected by deasserting 
CAS while keeping 
RAS active and 
then asserting 
CAS with the new column 
address 
valid to 
the DRAM. 
Page 
mode 
operation 
works 
very 
well 
with 
burst 
buses, 
such 
as the 
i960 
CAlCF 
processor 
bus, 
in 
which a single address 
cycle can be followed 
by up to four 
data cycles. 


All WE pins on the SIMM are tied to a common 
WE line; 
this feature 
requires 
the use of early 
write 
cycles. 
In an 
early write cycle, write data is referenced 
to the falling edge 
of CAS, not the falling edge of WE. 


The DRAM 
SIMM has four CAS lines, one for each eight 
(nine) 
bits in a 32-bit 
(36-bit) 
SIMM 
module. 
The 
four 
CAS lines control the writing to individual 
bytes within the 
SIMM. Each CAS signal is asserted with its respective 
BE. 


1.4 
Burst Capabilities 
for 32-Bit Bus 


The i960 Jx processor 
can access up to four data words per 
request. 
A request 
starts with the processor 
asserting 
ADS 
in the address 
cycle, 
and ends by the processor 
asserting 
BLAST 
in the last data cycle. Figure 
I shows 
ADS 
and 
BLAST timings 
for a quad-word 
write request. 


: Ta; Tw: Tw;Td< Tw;Td2:Tw :Td3;Tw :Td4;Tr 


CLK1X 
[., 


, 


ADS [V 


BLAST 
[: 
\jjr 
' 
, 
, 
, 
, 
, 


Figure 
1. Quad-Word 
Write Request 
with 2,1,1,1 
Wait State Profile 
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The processor's burst capabilities on a 32-bit bus include: 


Quad-word and triple-word requests start on quad-word 
boundaries (A3 = 0, A2 = 0). 


Double-word requests start on double-won! boundaries 
(A3 = X, A2 = 0). 


Single-word requests can start on any word boundary 
(A3 = X, A2 = X). 


Any request starting on an odd word boundary never 
bursts (A3 = X, A2 = I). 


i 


2.0 
BASIC DRAM CONTROLLER 


The main state machine of the DRAM controller in this 
design- is clocked using CLKIN (CLKIX 
clock). The 


DRAM region is set at OxAxxxxxxx for address decoding 
and uses the entire 256 Mbyte region. The region must also 
be configured as 32 bit in the processor's PMCONIO_II 
register. The controller Is implemented as a four-bit state 
machine and is responsible for sequencing accesses as well 
as refreshes to the DRAM banks. Figure 2 shows the basic 
DRAM oontroller state machine. 


DRAM 
request 
pending 


'fIgure 2. Basic DRAM Controller State Machine 


The first state is IDLE. The state machine transitions from 
the IDLE state based-on two events: 


DRAM refresh requests 


DRAM requests from the processor 


The DRAM controller (Figure 3) has four distinct blocks: 
control logic, address latches, address muxes, and the 
DRAM SIMM. This section describes each block. 


. 


AD31:0 
! 


BE1:0/A1:0 
LA31:4 
LA31:4 
MA10:0 - 
~C 
~ 
BA3:2 
. 
Address 
MUX 
Address 
~ 


OC 
Latch 
A/B 
MUX 


74F573 


~G 
74F157A 
••• 


MA10:0 


BA3:2 
~ 


A031:0- 
AD31:0 
A031:0 


BE3:0 
BE3:0 
nRAS":O 
nRAS1:0 
I 


A3:2 
A3:2 
nCAS3:0 
nCAS3:0 
Control J 
~ 
ADS 
nWE 
nWE 


BLAST 
.--- 
RESET 
ALE 
i'- WiR 
MUX_OU 
,... 
ClKIN 
f+ 
COM_ClK 


i960® Jx Processor 
i'fEffi 
' 
nREADY 


CLK2x 
DRAM 
SIMM 
SYSTEM 
RESET 
CLK1x 


Control Logic 


~ 


0 
ClK.1X 


OSC 
CLOCK ClK1X 
COM_elK 
(refresh 
eLK) 
OSC 
GEN 
ClK2X 


Figure 3. i960@ Jx Processor 
DRAM Controller 
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2.1 
Control Logic 


The DRAM controller is centered around a four-bit state 
machine that controls accessing as well as refreshing of the 
DRAM banks. All signals are generated based on the four- 
bit state machine's outputs. 


2.1.1 
Refresh Logic 


Typical 2 Mbyte x32 DRAMs need to be refreshed every 
15.5 us. The DRAM controller refreshes the banks using 
CAS-before-RAS refresh when the request is granted. 


A refresh request has priority over a processor request. 
When a processor and a refresh request occur simulta- 
neously, the DRAM controller sequences a refresh to the 
DRAM banks while the ACC_PENDING state machine 
posts the processor request. The pending request is then 
serviced after the refresh is done. 


In the tested design, an eight-bit synchronous up-counter 
generates refresh requests. The counter is clocked using 
COM_CLK (7.3728 MHz clock). REFRESH_SYNC is 
asserted each time the counter reaches 98 (13.7 us) which in 
turn asserts DRAM_REF. The REFRESH_SYNC equation 
synchronizes the output (when counter reaches 98) of the 
REFRESH state machine (which uses COM_CLK) to 
CLKIX. The refresh counter is reset to zero and counting 
resumes after the DRAM_STATES state machine completes 
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servicing the refresh. During reset, the counter is also 
loaded with a zero. 


2.1.2 
Clock Generation 


In this design a Motorola* MC88916D low skew CMOS 
PLL was used to generate the clock signals for the DRAM 
controller. The MC88916D uses the output of the oscillator 
as an input and outputs a 2X and 4J:' copy of the oscillator 
output: 


The 2X output is referred to as CLKIN or CLKIX 


The 4X output is referred to as CLK2X 


The MC88916D produces a very low skew copy of both 
CLKIX and CLK2X. At 33 MHz, the maximum skew 
between the MC88916 and any of its outputs is ±I ns, while 
the skew between any of the individual outputs is ±750 ps 
under equal loading conditions. In this design all clock lines 
are series terminated with 22-ohm resistors. 


2.1.3 
Wait State Profile 


Table I provides typical wait state profiles for read and 
write accesses. the listed wait states have been tested with 
the design by changing the clock frequency and wait states 
and meeting the timing requirements for MUX, RAS and 
CAS. 


Table 
1. 1960GD 
Jx Processor's 
Possible 
DRAM Wait State 
Combinations 


DRAM 
Mode 
16 MHz Bus 
20 MHz Bus 
25 MHz Bus 
33 MHz Bus 
40 MHz Bus1 


Access 
Time 


Read 
1, 1, 1, 1 
1, 1, 1, 1 
1, 1, 1, 1 
3, 1, 1, 1 
3, 1, 1, 1 


60ns 
Write 
1,0,0,0 
1.0.0.0 
1. 1. 1. 1 
2. 1. 1. 1 
2. 1. 1. 1 


Read 
1. 1. 1. 1 
1. 1. 1. 1 
2. 1. 1. 1 
3. 1. 1. 1 
3.2.2.2 
70ns 
Write 
1. O.O.0 
1. O.O.0 
1. 1. 1. 1 
2, 1. 1. 1 
2. 1. 1. 1 


Read 
1. 1. 1. 1 
1. 1. 1. 1 
2. 1. 1. 1 
3. 1. 1. 1 
4.2.2.2 
BOns 
Write 
1.0.0.0 
1. 1. 1. 1 
2. 1. 1, 1 
3. 1. 1. 1 
3.2.2.2 


Read 
1. 1. 1. 1 
2. 1. 1. 1 
3. 1. 1. 1 
4.2.2.2 
4.3.3.3 
100ns 
Write 
1. O.O.0 
2. 1. 1. 1 
3. 1, 1. 1 
3. 1. 1. 1 
4,2.2.2 


NOTE: 
1. Contact ygur locallntel Sales Representative to determine availabilityofthe 40 MHz i960JA/JF processor. 
I 
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LA23.21.19 ...5.4 
A 


LA22. 20.18 ...6. BA3:2 
MAlO: 
B 
MUX OUT 
y 


Ale 


G 


3x74F157A 
NOTE: 


Thicker 
lines indicate 
a bus. 
Multiplexers 


Figure 4. DRAM Address Multiplexers 


2.3 
Address 
Latch Path 


As shown in Figure 
5, the addresses 
are transferred 
to the 


latch outputs 
when the ALE signal is asserted. 
The latched 


addresses 
are always seen at the outputs by tying the output 


enables low. 


AD31:4 _ 


0 


BE1:0/Al:0 
LA31:4 
0 


! 
ALE 
Q 
E 
f 


OE 


NOTE: 
_ 
4 x 74F573 


Thicker 
lines indicate 
a bus. 


Figure 5. Address Latches 
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3.0 
STATE MACHINES 
AND SIGNALS 


o 


This section 
describes 
the state machines 
and signals 
used 


in this design. Most of the state machines 
are simple and the 


PLD equations 
can be referenced 
in APPENDIX 
A. The 


DRAM 
controller's 
state machine 
DRAM_STATES 
is the 


most complex 
of all the state machines; 
for that reason, this 


application 
note provides 
more detail on the operations 
of 


this state machine. 


In this design, some of the state machines 
are clocked 
with 


the CLKIX 
clock (bus clock frequency), 
while others 
are 


clocked 
off 
the 
CLK2X 
clock 
(twice 
the 
bus 
clock 


frequency), 
or 
the 
COM~CLK 
(communications\UART 


clock frequency). 


Certain state machines 
and their outputs were clocked off of 


CLK2X 
so that their 
outputs 
could 
use PH I or PH2 
as 


conditions 
for transition. 
The high portion 
of CLK IX is 


referenced 
as PHI (phase one). The low portion 
of CLKIX 


is referenced 
as PH2 (phase 2). 


All PLD' equations 
are written 
in ABEL. 
APPENDIX 
A, 


. PLD EQUATIONS, 
contains a listing of the PLD equations 


file. The state machine transitions 
described 
here follow the 


ABEL conventions 
for logic operators. 


represents 
NOT, bit-wise negation 


& 
represents 
AND 


# , represents 
OR 


In this 
design 
signals 
do not 
have 
a polarity 
assigned, 


signals that begin with a "n" signify that the signal is active 
low. For example, 
nRASO refers to the non-asserted 
state 


(SET_HIGH) 
and 
!nRASO 
refers 
to 
the 
asserted 
state 


(SET_LOW) 
.: 


I 


3.1 
LATCH_ACC State Machine 


The LATCH_ACC state machine is a one-bit state machine 
that monitors DRAM requests from the processor. This 
state machine is necessary because a DRAM request may 
occur during a refresh. DRAM refresh has priority over a' 
processor's request. Therefore, this state machine is used to 
post the processor request. This state machine generates the 
LATCHACC signal. 


3.2 
DRAM_ACC Signal 


The DRAM_ACC signal monitors DRAM requests from 
the 
processor, 
and 
pending 
DRAM 
requests 
from 
LATCH_ACC state machine. When conditions are met 
DRAM_ACC initiates the DRAM portion of the DRAM 
controller. The DRAM_ACC state machine generates the 
DRAMACC signal. 


3.3 
DRAM_BANK State Machine 


The DRAM_BANK 
state machine is a one-bit state 


machine that decodes AD20 to select between DRAM 
bank 0 (!AD20) or DRAM bank I (AD20). This state 
machine 
is 
clocked 
using 
the 
CLKIX 
clock. 
The 


DRAM_BANK state machine generates the DRAMBANK 
signal. 
. 


DRAM bank decoding is dependent on which size DRAM 
module is used. The following address lines provide 
contiguous memory: 


AD20 is decoded for a 2 Mbyte SIMM 


AD22 is decoded for a 8 Mbyte SIMM 


AD24 is decoded for a 32 Mbyte SIMM 


For I Mbyte, 4 Mbyte and 16 Mbyte SIMM modules, 
only one bank is possible 


The DRAM_BANK state machine is currently fixed for 
2 Mbyte SIMM. If a size other than this default size is 
needed, replace AD20 with the appropriate address bit. 


3.4 
MUX State Machine 


The MUX state machine is a one-bit state machine that is 
used to control the address multiplexers, essentially to 
select between row (MUX) or column addresses (!MUX). It 
is clocked using the CLK2X clock. This state machine 
generates the MU~_OUT signal. 
I 
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3.5 
BURST_ADDR State Machine 


The BURST_ADDR state machine is a two-bit state 
machine that is toggled on burst accesses to select the next 
data word (next column data). The state machine is initially 
loaded with the value of the processor's A3:2 during the 
address state (IDLE) and then increments after each data 
state (DATA). This state machine is clocked using the 
CLKIX clock, and generates the BA3:2 signal. These 
signals are an input to the DRAM Address Muxes. 


3.6 
REFRESH State Machine 


The REFRESH state machine is a seven-bit state machine 
that is used as a counter to indicate when a refresh is 
required. The state machine is clocked using COM_CLK 
(7.3728 MHz). In the tested system, COM_CLK 
was 


present to drive a UART for communications. This state 
machine sequences from 0 to 98 then resets to zero. 
Sequencing begins when DRAM_REF is not asserted. 


3.7 
. REFRESH_SYNC Signal 


The REFRESH_SYNC signal monitors the REFRESH 
state machine counter. REFRESH_SYNC is asserted when 
the counter reaches a count of 98. The REFRESH_SYNC 
equation synchronizes the output (when counter reaches 
98) 
of 
the 
REFRESH 
state 
machine, 
which 
uses 


COM_CLK, to CLKIX. 


3.8 
DRAM_REF State Machine 


The DRAM_REF state machine is a one-bit state machine 
that uses the output of the REFRESH_SYNC equation. 
This state machine is clocked·using the CLKIX clock, and 
generates the DRAMREF signal. DRAMREF signals the 
DRAM_STATES 
machine 
that 
a 
refresh 
is 
needed. 


DRAMREF is deasserted when the refresh states complete. 


3.9 
nPRE_CAS State Machine 


The nPRE_CAS state machine is a one-bit state machine 
and 
generates 
the 
nPRECAS 
signal. 
This 
signal 
is 


generated one CLK2X clock cycle earlier than nCAS3:0. 
The output of this state machine is then fed to the nCAS3:0 
equations where it is asserted at the correct time. This state 
machine is clocked using the CLK2X clock. 
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3.10 
nCAS3:0 
Signals 


The nCAS3:0 
signals are asserted when nPRE_CAS 
and the 
respective 
nBE3:0 
signal 
are asserted. 
The output 
of this 
state machine 
is then fed to the DRAM. 
This equation 
is 
clocked using the CLK2X clock. 


3.11 
nRASO State Machine 


The nRASO state machine 
is a one-bit 
state machine that is 
used 
to generate 
the 
RAS 
signal 
for bank 
O. This 
state 
machine 
is clocked 
using the CLK2X 
clock, and generates 
the nRAS_O signal. 


3.12 
nRAS1 State Machine 


The nRAS I state machine 
is a one-bit 
state machine that is 
used 
to generate 
the 
RAS 
signal 
for bank 
I. This 
state 
machine 
is clocked 
using the CLK2X 
clock, and generates 
the nRAS_1 
signal. 


3.13 
nREADY 
Signal 


The nREADY 
signal is asserted 
during the data cycle of a 
DRAM access. 
Data is valid on the rising edge of CLKIX 
while 
nREADY 
is asserted. 
BLAST 
from 
the processor 
deasserts 
on the 
rising 
edge 
of CLKIX 
if nREADY 
is 
asserted 
during the last data cycle of the request. 
nREADY 
is clocked using the CLK IX clock. 


3.14 
nWE State Machine 


The nWE state machine 
is a two-bit 
state machine 
that is 
asserted 
while a DRAM 
write is in progress. 
It controls the 
WE lines of the banks to perform 
early 
writes. 
This state 
machine 
is clocked 
using the CLK2X 
clock, and generates 
the nWE_OUT 
signal. 


4.0 
DRAM CONTROLLER 
ACCESS 
FLOW 


This 
section 
explains 
how 
the 
DRAM_STATES 
state 
machine is sequenced 
while reading, writing, and refreshing 
the DRAM. Examples 
used are: 


single-word 
read and write access 


quad-word 
read and write access 


refresh 


Figure 
6 
shows 
the 
complete 
DRAM_STATES 
state 
machine 
for the tested 33 MHz design. 
More detail on the 
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states 
and 
state 
machine 
are 
given 
in 
the 
following 
examples. 


Figure 6. 
DRAM_STATES 
~tate Machine 


4.1 
Single-Word 
Access 


Figure 7 shows the state diagram 
for a single-word 
read and 
write. 
Figure 
8 is the 
single-word 
read 
timing 
diagram; 


Figure 9 is the single-word 
write timing diagram. 


From the IDLE state the state machine 
waits for a DRAM 
access 
request 
or a refresh 
request. 
If a DRAM 
access 
is 
requested 
and not a refresh 
request, 
the state machine 
then 
transitions 
to the next state (W AIT3). 


In WAIT3 
state 
when 
PH I is true, nRASO or nRAS I is 
asserted 
depending 
on the bank 
selection; 
MUX 
is then 
asserted when PH2 is true. If the current access is a read, the 
machine 
proceeds 
to the W AlT2 state. If the current 
access 


is a write, the signals 
that normally 
assert in W AIT2 state 


(described 
below) now assert in WAIT3 state. The machine 
I 


intet 


proceeds to WAITl state bypassing WAIT2 state when the 
access is a write. 
processor has already asserted BLAST. The machine then 
proceeds to the DATA state. 


In WAIT2 state when PH2 is true, nCASx (x=3, 2, I, or 0) is 
asserted if nP~_ CAS and the respective byte enable signal 
from the processor is asserted. The nWE signal is also 
asserted in WAIT2 state when PH2 is true. The machine 
then enters WAITl state. 


Data is valid in the DATA state (Td) on the rising edge of 
CLKIX. When the DATA state is true, nREADY asserts. 
The respective nCAS signals deassert when DATA and PH2 
are true. From the DATA state, the machine proceeds to the 
RECOVER state since BLAST is asserted. 


When WAITl state is true, the respective nCAS signal is 
asserted when WAITl and PH2 are true. At this point, the 
When RECOVER is true, nREADY deasserts. When 
RECOVER and PHI are true, MUX and the respective 
nRAS signals deassert completing the single word access. 


B 


A 
!DRAM_REF& DRAM_ACC 
B 
W_nR 
C 
!W_nR 
D 
UNCONDITIONAL 
E 
UNCONDITIONAL 
F 
!nBLAST 
G 
UNCONDITIONAL 


Figure 7. Single-Word 
Read and Write State Diagram 
(A2 = 1) 
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nRASx 
L 
, 
\ 


, 


nCASx 
[ 
'\ 
:~ 


nWE 
[ 
, 


A3:2 
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'~ 
X1 
r= 


: 
'X=:X 
MA10:0 
[ 
Column 


AD31:0 
[ ~: 
s. 


BE3:0 [ilia 
:,..1 


DRAM_BANK1:0 
[ 
: 
: 
:x 
: 
: 


nREADY 
[ 
~ 


BLAST 
[ 
\ 
, 
, r:- 


nW_R 
[ ~ 


Figure 8. Single Word Read Timing 
Diagram 
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IDLE 
WAIT3 


TW3 


WAITl 


Twl 


DATA 


TdO 


RECOVER 
T, 


Xl 


Column 
.......... 
-- 
---'---<3< 
1 


L 
I 


Figure 9. Single Word Write Timing 
Diagram 


4.2 
Quad-Word Access 
(described 
below) 
assert 
in WAIT3 
state. 
The 
machine 
proceeds 
to WAIT I bypassing 
W AIT2 state when the access 
is a write (see Figure 
10). 
Figure 
IO shows the state diagram 
for a quad-word 
access. 
This state diagram 
also applies for triple-, and double-word 
accesses. 
Figure 
II is the quad-word 
read timing diagram; 
Figure 
12 is the quad-word 
write timing diagram. 
In W AIT2 state when PH2 is true, nCASx (x=3, 2, I, or 0) is 
asserted ifnPRE_CAS 
and the respective 
byte enable signal 
from 
the processor.Is 
asserted. 
The 
nWE 
signal 
is also 
asserted 
in W AIT2 state when 
PH2 is true. The machine 
then enters W AITl state. 


From the IDLE state the state machine 
waits for a DRAM 
access 
request 
or a refresh 
request. 
If a DRAM 
access 
is 
requested 
and not a refresh 
request, 
the state machine 
then 
transitions 
to the next state (W AIT3). 
From the W AITl 
state the machine 
proceeds 
to the DATA 
state. 


In WAIT3 
state 
when 
PHI 
is true, 
nRASO or nRASI 
is 
asserted 
depending 
on the bank 
selection; 
MUX 
is then 
asserted 
when PH2 is true. If the current access is a read, the 
machine 
proceeds 
to the W AIT2 state. If the current access 
is a write, the signals 
that normally 
assert in WAIT2 state 


The DATA state is the data cycle (Td) of the access. Data is 
valid on the rising edge ofCLKlX. 
When the DATA state is 
true, 
nREADY 
asserts. 
The 
respective 
nCAS 
signals 
deassert 
when DATA 
and PH2 are true. From the DATA 
I 
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state, the machine 
can proceed 
to the RECOVER 
state if 
BLAST 
is asserted. 
If BLAST 
is not asserted, 
the 
state 
machine reenters W AITI state (see Figure 
10). 


When 
W AITI 
state 
is true, 
nREADY 
is deasserted. 
The 
respective 
nCAS signal is asserted 
when WAITI 
and PH2 
are true. The machine 
then proceeds 
to the DATA state for 


the second data cycle (T dI)' 


Data is valid in the DATA state (Td1) on the rising edge of 
CLKIX. 
When 
the DATA 
state is true, nREADY 
asserts. 


The respective 
nCAS signals deassert when DATA and PH2 
are true. From the'DATA 
state, the machine can proceed to 
W AITI if BLAST 
is not asserted. 


When 
W AITI 
state 
is true, 
nREADY 
is deasserted. 
The 
respective 
nCAS signal is asserted 
when WAITI 
and PH2 
F 
are true. The machine 
then proceeds 
to the DATA state for 
the third data cycle (Td2)' 


Data is valid in the DATA state (Td2) on the rising edge of 
CLKIX. 
When 
the DATA 
state is true, nREADY 
asserts. 


The respective 
nCAS signals deassert when DATA and PH2 
are true. From the DATA state, the machine can proceed to 
WA1TI if BLAST 
is not asserted. 


When 
W AITI 
state 
is true, 
nREADY 
is deasserted. 
The 


•respective 
nCAS 
signal is asserted 
when W AITI 
and PH2 
are true. 
The processor 
asserts 
BLAST 
sometime 
in this 


state. The machine 
then proceeds 
to the DATA state for the 
fourth data cycle (T d3)' 


Data is valid in the DATA state (Td3) on the rising edge of 
CLKIX. 
When 
the DATA 
state is true, nREADY 
asserts. 
The respective 
nCAS signals deassert when DATA and PH2 
are true. From the DATA state, the machine proceeds 
to the 
RECOVER 
state since BLAST is asserted. 


When 
RECOVER 
is 
true, 
nREAD.y 
deasserts. 
When 
RECOVER 
and 
PHI 
are 
true, 
MUX 
and the respective 
nRAS signals de assert, completing 
the quad word access. 


The 
RECOVER 
state 
is a required 
state by the i960 Jx 
processor. 
This 
state 
is 
a 
function 
of 
the 
processor's 
RDYRCV 
pin. The processor 
continues 
to insert recovery 
states 
until 
'it samples 
the 
RDYRCV 
pin 
HIGH. 
This 
function 
allows 
slow external 
devices 
more time to float 
their 
buffers 
before 
the 
processor 
drives 
address 
again. 
Transition 
to the next state, IDLE, is unconditional. 
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B 


A 
!DRAM_REF 
& 
DRAM_ACC 


B 
W_nR 


C 
!W_nR 
D 
UNCONDITIONAL 
E 
UNCONDITIONAL 
F 
nBLAST 


G 
!nBLAST 
H 
UNCONDITIONAL 


Figure 10. Quad-Word 
Read and Write State 
Diagram 


I 


intel. 
AP-712 


CLK2X 


CLK1X 


nRASx 


nCASx 


MA10:0 


AD31:0 


BE3:0 


nREADY 


BLAST 


•WAIT3 •WAIT2 • WAlT1 • DATA •WAlT1 • DATA •WAIT1 • DATA •WAIT1 • DATA .RECOVER 


'IDLE: 
r, : TW3 : Tw2 : Tw1 : TdO : Tw1 : 
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Figure 11. 3,1,1,1 Quad-Word 
Read Timing 
Diagram 
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4.3 
RefreshCycles 


In the tested design it was convenient 
to divide the commu- 
nications\UART 
clock by 98 to provide 
a refresh 
request 


every 13.3 us. The DRAM_STATES 
state machine services 


the request 
and sequences 
the refresh 
states. The example 


below 
describes 
the refresh 
states in the DRAM_STATES 


state machine. 


Figure 
13 shows the refresh state diagram; Figure 
14 shows 
the refresh timing 
diagram 
with a pending 
DRAM 
request; 
Figure 
15 shows 
the 
refresh 
timing 
diagram 
with 
no 


pending 
DRAM request. 
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: COlumn, 


DRAM_BANK1:0 [ 


nREADY [ 
, 
~~~~--~---r--~--~--~~--~~ 
BLAST [ 
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~---r-I 


MA10:0 [ 
~,-~_C_O_lu_m..,~ 
__ 
-. 


AD31:0 [ 


BE3:0[~ 


Figure 12. 2.1'.1.1 
Quad-Word Write Timing Diagram 


In the 
IDLE 
state 
- 
if DRAMREF 
(see 
Section 
3.8, 


DRAM_REF 
State Machine) 
is asserted 
and PHI is true- 
all nCAS3:0 
signals 
are asserted. 
Since 
DRAM_REF 
is 


asserted, 
the machine 
enters 
the REFS state. The machine 


unconditionally 
proceeds 
to the REF4 state. 


In the REF4 state when PHI 
is true, the nRASI:O 
signals 


are asserted. 
The machine 
unconditionally 
proceeds 
to the 


REF3 state. 


In the REF3 state when PHI 
is true, the nCAS3:0 
signals 


are deasserted. 
The machine 
unconditionally 
proceeds 
to 


the REF2 state. 


I 


In the REF2 state when PH2 is true, the nRASI:O 
signals 
are deasserted. 
The machine 
unconditionally 
proceeds 
to 
the REF I state. 


When 
the 
REFO state 
is true, 
the 
DRAMREF 
signal 
is 
deasserted. 
The 
machine 
then 
checks 
the 
DRAMACC 
status. 
If asserted, 
a DRAM 
access 
is pending 
and 
the 
machine proceeds 
to W AIT3 state (see Figure 
13 and Figure 
15). If DRAMACC 
is not- asserted, 
the machine 
proceeds 
to 
the IDLE state (see Figure 
13 and Figure 
14). 
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There 
are no signals 
that 
transition 
in state 
REFI. 
The 
machine unconditionally 
proceeds 
to the REFO state. 


A 
DRAM_REF 
B 
UNCONDITIONAL 
C 
UNCONDITIONAL 
D 
UNCONDITIONAL 
E 
UNCONDITIONAL 
F 
UNCONDITIONAL 
G 
!DRAM_ACC 
H 
DRAM_ACC 


Figure 13. Refresh 
State Diagram 


Idle : RefS : Ref4: 
Ref3: 
Ref2: 
Reil: 
RefO: 
Idle: 


ClK2X 


I 


ClK1X 


MUX 


nRAS1:O 
\'---~---.-J:/ 


nCAS3:0 


Figure 14. Refresh 
Timing 
Diagram 
(No Pending 
DRAM Request) 
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Idle 
Ref5; 
Ref4 
Ref3: 
Ref2 
: Refl 
RefO: 
Wait3: 


CLK2X 


CLK1X 


MUX 


nRAS1:0 


nCAS3:0 


5.0 
CONCLUSION 


Figure 
15. 
Refresh 
Timing 
Diagram 
(With 
Pending 
DRAM 
Request) 


The DRAM 
Controller 
design 
successfully 
implements 
a 


single 
or 
dual 
bank 
32-bit, 
non-interleaved 
DRAM 
controller. 
This design 
does 
this while 
using 
a minimum 
number 
of components. 
A standard 
72-pin 
fast page mode 
DRAM 
SIMM was used to take advantage 
of the i960 Jx 
processor's 
burst 
bus 
capability. 
This 
design 
operates 
at 


5 volts, 
with bus speeds 
up to 33 MHz. 
Various 
DRAM 


speeds, bus speeds up to 40 MHz, and wait state combina- 
tions were also successfully 
tested 
with minor 
changes 
to 


the basic design. 


6.0 
RELATED 
INFORMATION 


This 
application 
note 
is one 
of four 
that 
are 
related 
to 
DRAM 
controllers 
for the i960 processors. 
The following 


table shows the documents 
and order numbers: 


Document 
Name 
App. 
Order 
# 
Note # 


DRAM Controller 
for the 33 MHz i960Q!) 
AP-703 
272627 
CAJCF Microprocessors 


Simple 
DRAM Controller 
for 25/16 MHz 
AP-704 
272628 
i960Q!)CAJCF Microprocessors 


DRAM 
Controller 
for the 40 MHz i960Q!) 
AP-706 
272655 
CF Microprocessors 
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To receive 
these 
documents 
or any other 
available 
Intel 


literature, 
contact: 


Intel Corporation 
Literature 
Sales 
r.o. Box 7641 
Mt. Prospect 
IL 60056-7641 
1-800-879-4683 


To receive files that contain the timing analysis, 
schematics 


and PLD equations 
for this and the other DRAM controller 


application 
note~, contact: 


Intel Corporation 
America's 
Application 
Support BBS 
916-356-3600 
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APPENDIX 
A 
ABEL FILE 


Table A-I contains 
the PLO equations 
which were used to build and test the prototype 
design. 
Table A-2 defines 
signal 
and product term allocation. 
The PLO equations 
were created in ABEL * as a device-independent 
design. Using the ABEL 
software, 
a POS file was created and then imported 
into PLOSHELL * software. 
PLOSHELL 
was used to "fit" the design 
into an Altera EPX780 FLEXlogic* 
PLO. PLOSHELL 
was also used to create the JEOEC file and to simulate 
the design. 


Table A·1. 
1960GD Jx Processor 
DRAM Controller 
AB EL File 
(Sheet 
1 of 15) 


Module 


Title 


Source 
File 


Revision 


JXDRAM 


, 80960 
Jx 
DRAM 
Controller 


JXDRAM.ABL 
1.0 


Date 


Designer 


11/15/94 


Paul 
Durazo 


Intel 
80960 
Applications 
engineer' 


• Non 
interleaved 
DRAM 
controller 
for 
the 
80960JA/JF/~D 
with 
bus 
speeds 
up 
to 
40MHz. 


• One 
or 
two 
banks 
may 
be 
used 
depending 
on·the 
DRAM 
size. 


• See 
DRAM_BANK 
state 
machine 
for 
further 
information. 


• DRAM 
start 
address 
is 
OxAOOOOOOO 


• DRAM 
wait 
state 
configuration 
is 
3,1,1,1 


• Active 
Low 
signals 
are 
designated 
with 
a 
(n) 
in 
front 
of 
the 
signal 
name. 


• A 
(!) 
in 
front 
of 
a 
signal 
signifies 
it 
is 
cleared 
to 
O. 


• 
ie. 
nCAS 
is 
active 
low 
but 
not 
asserted, 
!nCAS 
is 
asserte~ 
or 
cleared 
to 
0 


~ 
**************************************************************** 
•• ** ••• 
**********. 


Uxx 
device 
'iFX780_132'; 


• 
input 
signals 


CLK1X 


CLK2X 


ICLKIX 


COM_CLK 


• IX 
clock 


• 2X 
clock 


• IX 
clock 


• Refresh 


PIN; 


PIN; 


PIN; 


PIN; 


fed 
to 
macrocell 


clock 


AD31 
PIN; 


AD30 
PIN; 


AD29 
PIN; 


AD28 
PIN; 


AD22 
PIN; 


nADS 
PIN; 


W_nR 
PIN; 


nRESET 
PIN; 


nBLAST 
PIN; 


nBE3 
PIN; 


nBE2 
PIN; 


nBEI 
PIN; 


nBEO 
PIN; 


A3 
PIN; 


A2 
PIN; 


I 
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"output 
and 
node 
signals 


nRAS_1 
PIN 
istype 
'reg' 


nRAS_ ° 
PIN 
istYi;>e 'reg' 


nWE_OUT 
PIN 
istype 
'reg' 


MUX_OUT 
PIN 
istype 
'reg' 


BA3 
PIN 
istype 
'reg' 


BA2 
PIN 
istype 
'reg' 


DRAMREF 
NODE 
istype 
'reg' 


LATCH_ACC 
NODE 
istype 
'reg' 


DRAM_ACC 
NODE 
istype 
'corn' 


DRAMBANK 
NODE 
istype 
'reg' 


REFRESH_SYNC 
NODE 
istype 
'reg' 


nREADY 
PIN 
istype 
'reg' 


nPRECAS 
NODE 
istype 
'reg' 


nCAS_3 
PIN 
istype 
'reg' 


nCAS -2 
PIN 
istype 
'reg' 


nCAS_1 
PIN 
istype 
'reg' 


nCAS -° 
PIN 
istype 
'reg' 


Q3 
NODE 
istype 
'reg' 


Q2 
NODE 
istype 
'reg' 


Q1 
NODE 
istype 
'reg' 


QO 
NODE 
istype 
're~' 


R6 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit 
6 


R5 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit 
5 


R4- 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit 
4 


R3 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit 
3 


R2 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit 
2 


R1 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit 
1 


RO 
NODE 
istype 
'reg' 
"Refresh 
counter 
bit ° 


C 
.C. ; 


X 
.X. ; 


SET_LOW 
AbO; 


SET_HI 
Ab1; 


" Sate 


'" references 


PHl 


PH2 


DRAM_STATES 


nRASO 


nRAS1 


nCAS3 


nCAS2 


nCAS1 


nCASO 


MUX 


BURST 
ADDR 


I/O 
pin 


references 


i 


, 


! 
: 


: 


I 
[ICLK1XJ; 


[! ICLK1XJ; 


[Q3, 
Q2, 
Q1, 
QOJ; 


[nRAS_OJ; 


[nRAS_lJ; 


[nCAS_3J; 


[nCAS_2J; 


[nCAS_1J; 


[nCAS_OJ; 


[MUX_OUTJ; 


[BA3,BA2J; 


" .high 
phase 
of 
1X 
clock 


" low 
phase 
of 
1X 
clock 


main 
dram 
state 
machine 


" Bank ° RAS 
signal 


" Bank 
1 RAS 
signal 


I 


! 
I 
I 


! 
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nWE 


DRAM_BANK 


DRAM_REF 


LATCHACC 


DRAMACC 


REFRESH 


nPRE_CAS 


RECOVER 


IDLE 


WAIT3 


WAIT2 


WAIT1 


DATA 


REFS 


REF4 


REF3 


REF2 


REF1 


REFO 


SAO 


SAl 


SA2 


SA3 


RFO 


RF1 


RF2 


RF3 


RF4 


RFS 


RF6 


RF7 


RF8 


RF9 


RFlO 


RFll 


RF12 


RF13 


RF14 


RF1S 


RF16 


RF17 


RF18 


RF19 


RF20 


RF21 


RF22 


RF23 


AbOOOO; 


Ab0001; 


Ab0010; 


Ab0011; 


AbOlDO; 


Ab0101; 


Ab1000; 


Ab1001; 


Ab1010; 


Ab1011 ; 


AbllOO; 


Abll01 ; 


AbOO; 


Ab01; 


Ab10; 
-sii , 


AbOOOOOOO; 


Ab0000001; 


Ab0000010; 


AbOOOOOll; 


Ab0000100; 


Ab0000101; 


AbOOOOllO; 


AbOOOOll1; 


Ab0001000; 


Ab0001001; 


Ab0001010; 


Ab0001011 
; 


AbOOOllOO; 


AbOOOll01; 


Ab0001110; 


Ab0001111 
; 


Ab0010000; 


Ab0010001; 


Ab0010010; 


Ab0010011; 


Ab0010100; 


Ab0010101; 


Ab0010110; 


Ab0010111 
; 


[nWE_OUT] 
; 


[DRAMBANK] 
; 


[DRAMREF] 
; 


[LATCH_ACC] 
; 


[DRAM_ACC] 
; 


[R6, 
RS, 
R4, 
R3, 
R2, 
R1, 
RO]; 


[nPRECAS] 
; 


• RECOVER 
is 
a 
recovery 
state 
and 
is 
required 
by 
the 
processor. 


• IDLE 
is 
the 
address 
state; 
determines 
if 
DRAM 
access 
has 
occurred. 


• WAIT3-1 
are 
wait 
states 


" Data. state 


• REFS-1 
are 
Refresh 
states 


" Burst 
address 
counter 
states 


• Refresh 
counter 
States 


I 
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RF24 
AbOOllOOO; 


RF25 
AbOOllOO1; 


RF26 
AbOOl101O; 


RF27 
-sooi ica i , 


RF28 
AbOOlllOO; 


RF29 
-soo n io i , 


RF30 
AbOOllllO; 


RF31 
AbOOlllll 
; 


RF32 
Ab01OOOOO; 


( 
RF33 
A,b01OOOO1; 


RF34 
Ab01OOO1O; 


RF35 
Ab01OOOll; 


RF36 
'b01OO1OO; 


RF37 
Ab01OO1Ol; 


RF38 
Ab01OOllO; 


RF39 
Ab01OOlll; 


RF40 
'b0101OOO; 


RF4l 
'b0101OO1; 


RF42 
'b010101O; 


RF43 
'b01010ll 
; 


RF44 
'b01OllOO; 


RF45 
'b01OllOl; 


RF46 
'b01OlllO; 


RF47 
'b01Ollll; 


RF48 
'bOllOOOO; 


RF49 
'bOllOOO1; 


RF50 
'bOllOO1O; 


RF5l 
-so n ooii • 


RF52 
'bOl101OO; 


RF53 
'bOl101Ol; 


RF54 
'bOllOllO; 


RF55 
'bOllOlll; 


RF56 
'bOlllOOO; 


RF57 
'bOlllOO1; 


RF58 
'bOll101O; 


RF59 
'bOlllOll; 


RF60 
'bOllllOO; 


RF6l 
'bOllllOl; 


RF62 
'bOlllllO; 


RF63 
'bOllllll; 


RF64 
'blOOOOOO; 


RF65 
'blOOOOO1; 


RF66 
'blOOOO1O; 


RF67 
'blOOOOll; 


RF68 
'blOOO1OO; 


RF69 
'blOOO1Ol; 


RF70 
'blOOOllO; 


RF71 
'blOOOlll; 


RF72 
'blOO1OOO; 
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RF73 


RF74 


RF75 


RF76 


RF77 


RF78 


RF79 


RF80 


RF8l 


RF82 


RF83 


RF84 


RF85 


RF86 


RF87 


RF88 


RF89 


RF90 


RF9l 


RF92 


RF93 


RF94 


RF95 


RF96 


RF97 


RF98 


RF99 


RF100 


hbl001001; 


hbl001010; 


hbl0010ll; 


hblOOllOO; 
-ui oo.u oa . 
-si ooii ro , 
-si ooii i i , 


hbl010000; 


hbl010001; 


hbl010010; 


hbl0100ll 
; 


hbl010100; 


hbl01010l; 


hbl010llO; 
-sa oroi i r. 


hblOllOOO; 


hb191100l; 


hblOl1010; 


hblOllOll 
; 


hblOlllOO; 


hblOlllOl; 
-sro n i ro , 


hblOlllll; 


hbllOOOOO; 


hbll00001; 


hbll00010; 
-sa ioooa i • 


hbll00100; 


"********************************************************************************* 


DRAM 
STATE 
ASSIGNMENTS 


"********************************************************************************* 


state 
IDLE: 


if (DRAM_REF) 
then 
REF5 


.•wait 
for 
a DRAM 
access 
or 
refresh 
request 


.• If 
refres~ 
true 
begin 
refresh 
states 


else 


if(DRAMACC 
& !DRAM_REF) 
then 
WAIT3 
.• If 
DRAM 
access 
true 
continue 
to 
next 
state 


else 


IDLE; 


state 
WAIT3: 


if (W_nR) 
then 
WAITl 


else 


WAIT2; 


state 
WAIT2: 


goto 
WAIT1; 


.•Stay 
in 
IDLE 
state 
until 
refresh 
or 
DRAM 
access 
occurs 


.•Tw, 
wait 
state 
3 


.• If 
a write 
skip 
.the next 
state 
for 
2,1,1,1 
profile 


was 
a read 
so 
go 
to 
WAIT2 
for 
3,1,1,1 
profile 


.•Tw, 
wait 
state 
2 


I 


I 


I 
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goto 
REF4; 


state 
REF4: 


goto 
REF3; 


state 
REF3: 


go to 
REF2; 


state 
REF2: 


goto 
REFI; 


state 
REFI: 


goto 
REFO; 


state 
REFO: 


if (DRAMACC) 
then 
WAIT3 


else 


goto 
IDLE; 


"nRASO 
F/F, 
looks 
at 
Bank 
0 


state_diagram 
nRASO 


state 
SET_LOW: 


else 


else 


else 


else 


" Begin 
Dram 
Refresh, 
nCAS 
asserted 
coming 
into 
this 
state 


" Refresh 
State, 
nRAS 
asserted 
in phase 
I 


" Refresh 
State, 
nCAS 
deasserted 
in phase 
I 


" Refresh 
State, 
nRAS 
deasserted 
in phase 
2 


" Dram 
Access 
occured 
during 
refresh 
go 
to 
WAIT3 
state 


" No 
Dram 
Access 
pending 
go 
to 
IDLE 
state 


RECOVER) 
& PHI) 
then 
SET_HI 


REF2) 
& PH2) 
then 
SET_HI 


REF4) 
& PHI) 
then 
SET_~OW 


WAIT3) 
& PHI & !DRAM_BANK) 
then 
SET_LOW 
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"RASl 
F/F. 
looks 
at 
Bank 
1 


state_diagram 
nRASl 


state 
SET_LOW: 


if ((DRAM_STATES 


else 


else 


else 


else 


• MUX 
F/F 


state_diagram 
MUX 


state 
SET_HI:' 


if ((DRAM_STATES 


else 


else 


state 
SET_LOW: 


if ((DRAM_STATES 


RECOVER) 
& PHl) 
then 
SET_HI 


REF2) 
& PH2) 
then 
SET_HI 


REF4) 
& PHl) 
then 
SET_LOW 


WAIT3) 
& PHl & DRAM_BANK) 
then 
SET_LOW 


RECOVER) 
& PHl) 
then 
SET_LOW 
• deassert 
MUX 


WAIT3) 
& PH2) 
then 
SET_HI 
...assert 
MUX 


I 


I 


I 
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" Burst 
Address 
generated 
from 
A3:2, 


state_diagram 
BURST_ADDR 


STATE 
SAD: 


if( lnADS 
& 
IA3 
& 
A2) 
then 
SAl 
" 
load 
A3:2 
address 


else 


if (InADS 
& A3 
& 
IA2) 
then 
SA2 
" 
load 
A3:2 
address 


else 


if (InADS 
& A3 
& 
A2) 
then 
SA3 
" 
load 
A3:2 
address 


else 


if (nADS 
& 
InREADY) 
then 
SAl 
" 
increment 
A3:2 
,address 


else 


SAD; 
" hold 
A3:2 
address 


STATE 
SAl: 


if( lnADS 
& 
IA3 
& 
IA2) 
then 
SAD 
"load 
A3:2 
address 


else 


if (InADS 
& 
A3 
& 
IA2) 
then 
SA2 
"load 
A3:2 
address 


else 


if (InADS 
& 
A3 
& 
A2) 
then 
SA3 
"load 
A3 :2 address 


else 


if (nADS 
& 
InREADY) 
then 
SA2 
"increment 
A3:2 
address 


else 


SAl; 
"hold 
A3:2 
address 


STATE 
SA2: 


if( lnADS 
& 
IA3 
& 
IA2) 
then 
SAD 
"load 
A3:2 
address 


else 


if (InADS 
& 
IA3 
& 
A2) 
then 
SAl 
"load 
A3:2 
address 


else 


if (InADS 
& A3 
& A2) 
then 
SA3 
"load 
A3:2 
address 


else 


if (nADS 
& 
InREADY) 
then 
SA3 
"increment 
A3:2 
address 


else 


SA2; 
"hold 
A3:2 
address 


STATE 
SA3: 


if (InADS 
& 
IA3 
& 
IA2) 
then 
SAD 
"load 
A3:2 
address 


else 


if (InADS 
& 
IA3 
& A2) 
then 
SAl 
"load 
A3:2 
address 


else 


if( lnADS 
& A3 
& 
IA2) 
then 
SA2 
"load 
A3:2 
address 


else 


SA3; 
"hold 
A3:2 
address 


, 
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\ 


I. 


, 


I 


I 


I 


" DRAM_BANK 
specifies 
which 
bank 
will 
be 
used 
(BANK 
0 = 
!AD20) 
or 
(BANK 
I = AD20) . 


" For 
2Mb 
simm 
decode 
AD20, 
8Mb 
SIMM 
decode 
AD22, 
32 
Mb 
SIMM 
decode 
AD24. 


" All 
other 
SIMM 
sizes 
only 
one 
bank 
is possible 
and 
nRASI: 


" 0 will 
have 
to 
be 
modified 
to 
reflect 
this. 


" The 
default 
used 
in 
this 
design 
is 
a 
2Mb 
SIMM 
which 
decodes 
AD20. 


" If 
using 
a different 
SIMM 
size 
replace 
AD20 
with 
the 
respective 
address 
bit 


state_diagram 
DRAM_BANK 


state 
SET_HI: 


if(!nADS 
& AD31 
& !AD30 & AD29 
& !AD28 
& !AD20)then 
SET_LOW 
"BankO 
sel 


else 


stat", SET_LOW: 


if(!nADS 
& AD31 
& !AD30 
& AD29 
& !AD28 
& AD20) 
then 
SET_HI 
"Bankl 
sel 


else 


" DRAM 
Refresh 
Reques~ 
F/F 


" When 
refresh 
counter 
= 98, 
REFRESH_SYNC 
is 
set. 
DRAM_REF 
is 
cleared 
upon 
leaving 


" the 
refresh 
states 
of 
DRAM_STATES 
state 
machine 


state_diagram 
DRAM_REF 


state 
SET_HI: 


if (DRAM_STATES 
REFO) 
then 
SET_LOW 
• Refresh 
states 
are 
complete 


else 


state 
SET_LOW: 


if (REFRESH_SYNC) 
then 
SET_HI 
" Refresh 
required 


else 
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" Latch 
DRAM 
access 


state_diagram 
LATCH_ACC 


state 
SET_HI: 


if (DRAM_STATES 
DATA) 
then 
SET_LOW 
-in 
DRAM 
state 
machine 
deassert 


else 


state 
SET_LOW: 


if(!nADS 
& AD31 
& !AD30 
& AD29 
& !AD28) 
then 
SET_HI 
"DRAM 
access 
occurred 


else 


" DRAM 
Refresh 
counter 


" The 
counter 
uses 
a 
7.3728 
MHz 
clock 
(COM_CLK). 
After 
98 
clocks 
(13.3 
us) 
a 
refresh 


" request 
(REFRESH_SYNC) 
bit 
is 
set. 


state_diagram 
REFRESH 


STATE 
RFO: 


if (!DRAMREF) 
then 
RFl 


else 


RFO; 


STATE 
RF1: 


goto 
RF2; 


STATE 
RF2: 


goto 
RF3; 


STATE 
RF3: 


goto 
RF4; 


STATE 
RF4: 


goto 
RF5; 


STATE 
RF5: 


goto 
RF6; 


STATE 
RF6 : 


go to 
RF7; 


STATE 
RF7: 


go to 
RF8; 


STATE 
RF8: 


go to 
RF9; 


STATE 
RF9: 


goto 
RF10; 


STATE 
RF10: 


goto 
RFll; 


STATE 
RF11: 


goto 
RF12; 


STATE 
RF12: 


goto 
RF13; 
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STATE 
RF13: 


gete 
RF1,4; 


STATE 
RF14: 


gete 
RF15; 


STATE 
RF15: 


gete 
RF16; 


STATE 
RF16: 


gete 
RF17; 


STATE 
RF17: 


gete 
RF18; 


STATE 
RF18: 


gete 
RF19; 


STATE 
RF19: 


gpte 
RF20; 


STATE 
RF20: 


gete 
RF21; 


STATE 
RF21: 


gete 
RF22; 


STATE 
RF22: 


gete 
RF23; 


STATE 
RF23: 


gete 
RF24; 


STATE 
RF24: 


gete 
RF25; 


STATE 
RF25: 


gete 
RF26; 


STATE 
RF26: 


gete 
RF27; 


STATE 
RF27: 


gete 
RF28; 


STATE 
RF28: 


gete 
RF29; 


STATE 
RF29: 


gete 
RF3O; 


STATE 
RF3O: 


gete 
RF31; 


STATE 
RF31: 


gete 
RF32; 


STATE 
RF32: 


gete 
RF33; 


STATE 
RF33: 


gete 
RF34; 


STATE 
RF34: 


gete 
RF35; 


STATE 
RF35: 


gete 
RF36; 


STATE 
RF36: 


gete 
RF37; 


STATE 
RF37: 


gete 
RF38; 
I 
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STATE 
RF38: 


goto 
RF39; 


STATE 
RF39: 


go to 
RF40; 


STATE 
RF40: 


goto 
RF41; 


STATE 
RF41: 


goto 
RF42; 


STATE 
RF42: 


goto 
RF43; 


STATE 
RF43: 


goto 
RF44; 


.sTATE RF44: 


goto 
RF45; 


STATE 
RF45: 


goto 
RF46; 


STATE 
RF46: 


goto 
RF47; 


STATE 
RF47: 


goto 
RF48; 


STATE 
RF48: 


goto 
RF49; 


STATE 
RF49: 


goto 
RF50; 


STATE 
RF50: 


goto 
RF51; 


STATE 
RF51: 


goto 
RF52; 


STATE 
RF52: 


go to 
RF53; 


STATE 
RF53: 


go to 
RF54; 


STATE 
RF54: 


go to 
RF55; 


STATE 
RF55: 


goto 
RF56; 


STATE 
RF56: 


goto 
RF57; 


STATE 
RF57: 


goto 
RF58 ; 


STATE 
RF58: 


goto 
RF59; 


STATE 
RF59: 


goto 
RF60; 


STATE 
RF60: 


goto 
RF61; 


STATE 
RF61: 


goto 
RF62; 
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, 


I 


I 


I 


o:";)".t."j\""1"J:. 
tU'Otji: 


goto 
RF69; 


STATE 
RF69: 


go to 
RF70; 


STATE 
RF70: 


goto 
RF71; 


STATE 
RF71: 


go to 
RF72; 


STATE 
RF72: 


goto 
RF73; 


STATE 
RF73: 


goto 
RF74; 


STATE 
RF74: 


goto 
RF75; 


STATE 
RF75: 


goto 
RF76; 


STATE 
RF76: 


goto 
RF77; 


STATE 
RF77: 


go to 
RF78; 


STATE 
RF78: 


goto 
RF79; 


STATE 
RF79: 


goto 
RF80; 


STATE 
RF80: 


goto 
RF81; 


STATE 
RF81: 


goto 
RF82i 


STATE 
RF82: 


goto 
RF83; 


STATE 
RF83: 


goto 
RF84; 


STATE 
RF84: 


goto 
RF85; 


STATE 
RF85: 


goto 
RF86; 


STATE 
RF86: 


goto 
RF87; 


I 
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STATE 
RF87: 


goto 
RF88; 
I 


STATE 
RF88': 


goto 
RF89; 


STATE 
RF89 


:goto 
RF90; 


STATE 
RF90: 


goto 
RF91; 


STATE 
RF91: 


goto 
RF92; 


STATE 
RF92: 


goto 
RF93; 


STATE 
RF93: 


goto 
RF94; 


STATE 
RF94: 


goto 
RF95; 


STATE 
RF95: 


goto 
RF96; 


STATE 
RF96: 


goto 
RF97; 


STATE 
RF97: 


goto 
RF98; 


STATE 
RF98: 


go to 
RFO 
; 


• PRE_CAS 
used 
for 
the 
nCAS3:0 
signals 
to 
conserve 
on 
P-Terrns. 


• PRE_CAS 
is 
asserted 
one 
2X 
clock 
before 
actual 
CAS 
signal 
asserts. 
This 
was 
done 


• because 
PRE_CAS 
is 
routed 
through 
another 
rnacrocell 
to 
produce 
nCAS 


• with 
its 
associated 
nBE. 


state 
SET_LOW: 


if«DRAM_STATES 
== REF4) 
& PH2 & DRAM_REF) 
then 
SET_HI' 
REF. 
DEASSERT 


else 


if(DRAM_STATES 
== DATA) 
then 
SET_HI' 
CAS 
DEASSERT 


else 


IDLE) 
& PHI 
& DRAM_REF) 
then 
SET_LOW' 
REF. 
ASSERT 


else 


else 
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Table A·1. 
i960e Jx Processor 
DRAM Controller 
AB EL File 
(Sheet 15 of 15) 


InCAS1 
:= 
InPRE_CAS 
& (lnBE1 * 
DRAM_REF); 


I 


EQUATIONS 


InREADY 
:= 
(DRAM_STATES 
WAIT1);' 
DRAM 
ready 


DRAMACC 
= 
LATCHACC 
* 
lnADS & AD31 
& lAD30 
& AD29 
& 
AD28; 
• Flags 
DRAM 
accesses 


InCASO 
:= 
InPRE_CAS 
& (lnBEO * 
DRAM_REF); 


InCAS2 
:= 
InPRE_CAS 
& 
(lnBE2 
# 
DRAM_REF); 


InCAS3 
:= 
InPRE_CAS 
& 
(lnBE3 
# .DRAM_REF); 


REFRESH_SYNC 
:= 
(REFRESH 
RF98) ; 
• Used 
to 
synch 
refresh 
counter 
to 
1X 
clock. 


~********.*********************************************************************** 


INITIALIZE 
CONDITIONS 
AND 
CLOCKING 


~****************************************************************.*************** 


[LATCH_ACC,REFRESH_SYNC,nREADY,DRAMREF,DRAMBANK,BA3,BA2,Q3,Q2,Q1,QO,nWE_OUT] 
.c1k 
= CLK1X; 


[LATCH_ACC, 
REFRESH_SYNC, 
DRAMREF, 
DRAMBANK, 
BA3, 
BA2, 
Q3, 
Q2, 
Q1, 
QO] .re 
= 
InRESET; 


[nREADY, 
nWE_OUT] 
:pr = 
InRESET; 


[nPRE_CAS, 


[nPRE_CAS, 


MUX_OUT.re 


nCAS3, 
nCAS2, 


nCAS3, 
nCAS2, 


InRESET; 


nCAS1, 
nCASO, 
nRAS_1, 
nRAS_O, 
MUX_OUT] 
.clk 
= 
CLK2X; 


nCAS1, 
nCASO, 
nRAS_L, 
nRAS_O] 
.pr = 
InRESET; 


[R6, 
R5, 
R4, 
R3, 
R2, 
R1, 
RO] .clk = COM_CLK; 
• REFRESH 
COUNTER 


[R6, 
R5, 
R4, 
R3, 
R2, 
R1, 
RO] .re 
= 
InRESET; 


end 
JXDRAM 


I 
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Table A·2. 
Signal and Product 
Term Allocation 


OUTPUT 
MACROCELLS 
BURIED 
MACROCELLS 


Signal 
Product Terms 
Signal 
Product Terms 


. 
nRAS 
1 
4 
nPRECAS 
8 
. 


nRAS ° 
4 
DRAMREF 
2 


nWE_OUT 
2 
LATCH_ACC 
5 


MUX 
OUT 
2 
DRAM 
ACC 
2 


BA3 
3 
DRAM BANK 
6 


BA2 
3 
REFRESH_SYNC 
1 


nREADY 
1 
03 
3 


nCAS_3 
2 
02 
4 


nCAS 
2 
2 
01 
5 


nCAS_l 
2 
QO 
5 


nCAS_O 
2 
R6 
3 


R5 
7 


R4 
6 


R3 
5 


R2 
4 


Rl 
5 


RO 
6 
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APPLICATION 
NOTE 


80960Cxl80960JxI~0960Hx 
Architectural Comparison 


Januaiy 29, 1996 
I 


. 
Order Number: 
272694-001 
1-607 


\"VUlI''';;U;;I,;UIIII'allDlIIlY was nor rnamrameo. 
1ms oocument 
discusses 
in detail those differences 
between 
the 80960Cx, 
80960Jx, 
and 80960Hx 
microprocessors. 
Suggestions 
are 
given for mitigating 
their impact on future designs. 


for more detailed 
information. 


1.1 
i960®ProcessorFamily 


This document 
also provides 
hints for developing 
applica- 
tions which the 80960Cx 
processor 
can use now, and can be 
80960Hx-ready 
in the future. The reader should 
note that 
the 80960Hx 
processor 
is not drop-in 
compatible 
with the 


TableI 
summarizes 
the features 
of the 80960Cx, 
809601x, 


"and 80960Hx 
microprocessor 
families. 
Subsections 
which 
follow further describe each processor's 
features. 


Table 
1. Feature 
Summary 
of the 80960Cx, 
80960Jx, 
and 80960Hx 
Processors 
(Sheet 
1 of 2) 


Processor 
Feature 
80960Cx 
80960Jx 
80960Hx 


Superscalar 
(maximum 
3 
Superscalar 
(max 3 
Core 
Scalar, clock doubled 
insVclk), clock doubled, 
insVclk) 
"clock tripled 


32-bit demultiplexed 
32-bit multiplexed 
32-bit demultiplexed 
External 
Bus 
address 
and data 
address/data 
address 
and data, parity 
on data 


Instruction 
Cache 
CA: 1 Kbyte, 2-way 
4 Kbytes, 2-way 
16 Kbytes, 4-way 
. 
CF: 4 Kbytes, 2-way 


CA: None 
2 Kbytes, direct map, 
8 Kbytes, 4-way, write- 
Data Cache 
CF: 1 Kbyte, direct map, 
write-through 
write-through 
through 


Data RAM 
1 Kbyte, mapped 
from 
1 Kbyte, mapped 
from 
2 Kbytes, 
mapped 
from 
OOOHto 3FFH 
OOOOHto 3FFH 
OOOHto 7FFH 


5 frames; 
programmable 
5 frames, 
programmable 
Register 
Cache 
to 15 frames (more than 5 
8 frames 
to 15 frames 
(more than 5 
uses Data RAM) 
uses Data RAM) 


Memory-mapped 
No 
Yes 
Yes 
Registers 


Direct Memory 
Access 
Yes 
No 
No 
(DMA) Controller 


I 
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Table 1. Feature Summary of the 80960Cx, 80960Jx, and 80960Hx Processors 
(Sheet 2 of 2) 


Processor 
Feature 
.'-. 


80960Cx 
80960Jx 
80960Hx 


Interrupt 
Controller 
Yes 
Yes 
Yes 


Guarded 
Memory 
Unit 
No 
No 
Yes 


Timers 
None 
Two 
Two 


Power Supply 
5V 
5Vor 
3.3V 
3.3V, 5V tolerant 
I 


JTAG 
No 
Yes 
Yes 


1.1.1 
The 80960Cx Processor Family 


The 80960Cx 
family 
of processors 
are superscalar 
imple- 
mentations 
of the 
i960 
microprocessor 
architecture, 
and 


feature 
demultiplexed, 
32-bit address 
and data buses. 
The 
two members- of this family, the CA and CF, can execute up 
to three instructions 
per clock cycle. Due to 'the high degree 


of parallelism 
and on-chip caches, these processors 
are well 


suited 
for 
high 
performance 
applications 
such 
as 
networking 
and high-end 
imaging. 


The 80960CA 
includes 
a I Kbyte, two-way 
set associative 


instruction 
cache and I Kbyte of on-chip 
data RAM. Data 


RAM 
is located 
in the 
processor's 
address 
space 
from 
locations 
OOOO.OOOOHto 0000.03FFH. 
The CF processor 


enhances 
the CA feature 
set by increasing 
the instruction 


cache size to 4 Kbytes, and adding a I Kbyte direct-mapped 
write-through 
data cache. As with the CA, the CF contains 


I Kbyte of on-chip 
data RAM located 
from oooO.oooOH to 


0000.03FFH. 


The upper 
16 Mbytes 
of the address 
space 
(FFOO.OOOOH 


through 
FFFF.FFFFH) 
are 
reserved 
for 
implementation- 


specific 
functions. 
In 
general, 
an 
application 
must 
not 


access this space unless specifically 
required 
by the imple- 


mentation. 
In the case of the CA and CF processors, 
the 


application 
must locate the Initialization 
Boot Record (IBR) 


at address FFFF.FFOOH. 


Integrated 
peripherals 
include 
the Interrupt 
Controller 
and 


Direct 
Memory 
Access 
(DMA) 
Controller. 
The 
DMA 


peripheral 
is not available 
on the 80960Jx 
and 80960Hx 
processors. 


1.1.2 
The 80960Jx Processor Family 


The 80960Jx 
family of microprocessors 
represent 
the next 


generation 
of high-performance, 
low-cost 
processors 
based 


1-610 


on the i960 architecture. 
80960Jx 
processors 
feature 
a 32- 
bit multiplexed 
address 
and data bus; the core issues 
one 


instruction 
per clock cycle. The 80960Jx 
processor 
family 


supports 
5V and 3.3V operation. 


These processors 
provide a maximu.m 4 Kbyte, two-way 
set 


associative 
instruction 
cache, 
and 
a maximum 
2 Kbyte, 


direct-mapped 
write-through 
data 
cache. 
The 
80960Jx 


features 
I Kbyte of on-chip data RAM located from address 


OOOO.OOOOHto 0000.03FFH. 


The upper 
16 Mbytes 
of the address 
space 
(FFOO.OOOOH 


through 
FFFF.FFFFH) 
are 
reserved 
for implementation- 
specific 
functions. 
In 
general, 
an 
application 
must 
not 
access this space unless specifically 
required 
by the imple- 


mentation. 
Memory-mapped 
control 
registers 
are located 


within this address space: 


user/supervisor 
accessible 
control 
registers 
are located 


from address FFOO.OOOOHto FFOO.7FFFH 


supervisor 
only 
accessible 
control 
registers 
from 


address FFOO.8000H to FFFF.FFFFH 


The application 
must locate the Initialization 
Boot Record 
(!BR) at address FEFF.FF30H. 


Integrated 
peripherals 
include 
a 
80960Cx-compatible 


Interrupt 
Controller, 
and two 
80960Hx-compatible 
32-bit 


ti'.llers. 
The 
80960Jx 
does 
not 
implement 
a 
DMA 
peripheral. 
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1.1.3 
The 80960Hx 
Processor 
Family 


The 80960Hx 
family of microprocessors 
represent 
the next 
generation 
of very high-performance 
superscalar 
processors 
based on the i960 architecture. 
80960Hx 
processors 
feature 
32-bit demultiplexed 
address 
and data buses; the core may 
issue up to three instructions 
per clock cycle. The 80960Hx 
processor 
family 
is 
fabricated 
on 
a 3.3V 
process. 
All 
internal 
logic and memories 
operate 
at 3.3V; however, 
the 
pad-ring 
may be biased 
at 5V, meaning 
that the 80960Hx 
can operate 
in a 5V system. 
To do so, the system 
must 
provide a low-current 
5V supply to bias the I/O buffers. 
In 
any case, the system must provide a 3.3V supply. 


These 
processors 
provide 
a 
16 
Kbyte, 
four-way 
set 
associative 
instruction 
cache, 
and 8 Kbyte, 
four-way 
set- 
associative 
write-through 
data 
cache. 
The 
80960Hx 


,includes 
2 Kbytes 
of on-chip 
data 
RAM 
located 
from 
address OOOO.OOOOHto 00OO.07FFH. 


The upper 
16 Mbytes 
of the address 
space (FFOO.OOOOH 
through 
FFFF.FFFFH) 
are 
reserved 
for implementation- 
specific 
functions. 
In 
general, 
an 
application 
must 
not 
access this space unless specifically 
required 
by the imple- 
mentation. 
Memory-mapped 
control 
registers 
are located 
within. this address space: 


user/supervisor 
accessible 
control 
registers 
are located 
from address FFOO.OOOOHto FFOO.7FFFH 


supervisor 
only 
accessible 
control 
registers 
from 
address FFOO.8000H to FFFF.FFFFH 


The application 
must locate the Initialization 
Boot Record 
(iBR) at address FEFF.FF30H. 


Integrated 
peripherals 
include 
a 
80960Cx-compatible 
Interrupt Controller, 
two 80960Jx-compatible 
32-bit timers, 
and the Guarded 
Memory 
Unit (GMU). The 80960Hx 
does 
not implement 
a DMA peripheral. 


2.0 
Initialization 


This 
section 
outlines 
differences 
in 
initialization 
data 
structures 
and 
initialization 
procedures 
of the 
80960Cx, 
80960Jx, 
and 80960Hx. 
Only 
differences 
between 
these 
processor 
families are highlighted. 
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2.1 
Initialization 
Data Structures 


This 
section 
describes 
the 
differences 
between 
the 
necessary 
initialization 
data structures. 
Subsections 
include 
Section 
2.1.1, 
Initialization 
Boot 
Record 
(IBR), 
Section 
2.1.2, 
Processor 
Control 
Block 
(PRCB), 
Section 
2.1.3, 


Fault 
Table, 
Section 
2.1.4, 
Control 
Table, 
Section 
2.1.5, 


Arithmetic 
Control 
Register Initial Image, and the rest. 


2.1.1 
Initialization 
Boot Record (IBR) 


The 80960Cx, 
80960Jx; 
and 80960Hx 
share similar initial- 
ization 
mechanisms. 
All processors 
fetch an Initialization 
Boot Record 
(IBR) from a fixed location 
in memory. 
The 


!BR contains the address of the first instruction 
to fetch and 
the pointer 
to the processor 
Control 
Block (PRCB), 
which 
is the same format for all processors. 
The !BR structure 
is 


identical 
for the 80960Cx, 
80960Jx, 
and 80960Hx, 
and is 


given in Figure 
I. However, 
it is important 
to note that the 
interpretation 
of 
the 
InitBusConx 
bytes 
varies 
across 


implementations. 


InitBusConx 
initializes: 


MCONO on the 30960Cx 


PMCONI4:15 
on the 80960Jx 


PMCONI5 
on the 80960Hx 
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Byte2 
Byte 1 
ByteO 
Byte3 


InitBusConO 


InitBusCon1 


InitBusCon2 


InitBusCon3 


Starting 
Instruction 
Pointer 
(StrtIP) 


Process 
Control 
Block Pointer 
(PRCBPtr) 


Check 
Word 
1 


Check 
Word 2 


Check 
Word 3 


Check 
Word 4 
~ 


Check Word 5 


Check 
Word 6 


+4H 


+8H 


+CH 


+10H 


+14H 


+18H 


+1CH 


+20H 


+24H 


+28H 


+2CH 


Data located 
in shaded 
locations 
is ignored 


80960Cx: 
IBR_Start 
= FFFF.FFOOH 
8096OJx: 
IBR_Start 
= FEFF.FF30H 
80960Hx: 
IBR_Start 
= FEFF.FF30H 


Figure 1. Initialization 
Boot Record 
(IBR) Structure 


As indicated 
in Figure 1. the !BR contains the address of the 


first instruction 
to be fetched 
(StrtIPx). 
and the pointer 
to 


the PRCB (PRCBPtrx). 
The !BR also contains 
the initial 
bus configuration 
(InitBusConx). 
and check words for the 
bus 
confidence 
test. 
The 
algorithm 
used 
for 
the 
bus 


confidence 
test is identical 
for all processors. 


structure 
ai address 
FEFF.FF30H. 
This was done so that a 


single boot ROM could hold two separate 
!BRs; one !BR 
for the 80960Cx. 
and one IBR for the 80960Jx or 80960Hx. 


This scheme 
works because 
of the way accesses 
to system 
memory 
are 
typically 
performed. 
Separate 
!BRs 
are 


necessary 
because 
of differences 
in initial register 
images. 


interpretation 
of the InitBusConx 
bytes. and control table 
structures. 
To clarify. refer to Figure 2. 
The 
80960Cx 
locates 
the 
!B R 
structure 
at 
address 
FFFF.FFOOH; 
the 80960Jx 
and 80960Hx 
locate 
the !BR 


1·612 
I 


SysD7 


SysA5 
SysD6 


ROM 
SysD5 
SysA4 
SysD4 
SysA3 
SysD3 
SysA2 
SysD2 
SysAl 
SysDl 
SysAO 
SysDO 


Figure 2. 
Simplified 
Typical 
Memory 
Decoding 
Logic 


As can be seen from the figure 
above, 
system 
designers 
typically 
do not decode 
all high-order 
address 
pins when 
accessing 
memory. 
This allows for addresses 
to be aliased; 
logically 
different 
addresses 
will access 
the same physical 
memory. 


Assume 
that 
the 
ROM 
in the 
figure 
above 
contains 
64 
Kbytes. In this case, when the 80960Cx 
accesses 
its IBR at 
FFFF.FFOOH, 
address 
FFOOH in the 
ROM 
is physically 


accessed. 
Likewise, 
when- the 80960Jx 
or 80960Hx 
access 
the IBR at FEFF.FF30H, 
address 
FF30H 
in the ROM 
is 
physically 
accessed. 
Hence, both IBRs may be conveniently 
contained 
in the same ROM device. 
In the figure 
above, 


A24 can be ignored with the same results. 


I 


2.1.2 
Processor 
Control Block (PRCB) 


PRCB structure, 
illustrated 
in Figure 
3, is identical 
for the 


80960Cx, 
80960Jx, 
and 80960Hx. 
Even though 
the PRCB 
structures 
are 
identical, 
the 
application 
designed 
to 


accommodate 
the 80960Cx 
and 80960Hx 
can be designed 


to provide 
separate 
control structures 
for each. This allows 


the 
application 
to 
define 
which 
control 
structures 
are 


common 
to the 
80960Cx 
and 
80960Hx, 
and 
which 
are 


unique. 
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Byte3 
Byte2 
Byte 1 
ByteO 


Fault Table Base Address 
(FTB) 


Control 
Table Base Address 
(CTB) 


Arithmetic 
Controls 
Initial Image 
(AClnitlm) 


Fault Configuration 
Word 
(FCW) 


Interrupt 
Table Base Address 
(ITB) 


System 
Procedure 
Table Base Address 
(SPTB) 


Interrupt 
Stack Pointer 
(ISP) 


Instruction 
Cache 
Configuration 
Word (ICCW) 


Register 
Cache 
Configuration 
Word 
(RCCW) 


_____ 
--', Reserved 
- Initialize 
to zero 


Figure 3. Precessor Control 
Block (PRCB) 
Structure 


As shown 
in Figure 
I. Initialization 
Boot 
Record 
(IBR) 
Structure, 
the PRCBPtr 
is found in the IBR. 


2.1.3 


PRCBPtr+OH 


+4H 


+BH 


+CH 


+10H 


+14H 


+1BH 


+1CH 


+20H 


+24H 


The fault tables 
for the 80960Cx, 
80960Jx, 
and 80960Hx 
processors 
are 
identical, 
with 
the 
exception 
that 
the 
80960Hx 
adds an entry for machine 
faults and an additional 
fault 
sub-type 
to 
support 
the 
Guarded 
Memory 
Unit. 


Machine 
faults are generated 
in response 
to parity 
errors. 


This is illustrated 
in Figure 4. 


Fault Table 


As indicated 
in Figure 
3, the pointer 
to the fault table is 
found in the PRCB at offset OH and is referred 
to as FTB 
(fault table base address). 
It may be initialized 
to any valid, 


non-reserved 
location 
in memory. 
The FTB points 
to the 
beginning 
of the fault table, which contains 
entries 
for the 
beginning 
address of each fault handler. 
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FTB+OH 


Trace Fault Entry 
FTB+BH 


FTB+10H 


Arithmetic 
Fault Ent 
FTB+1BH 


FTB+20H 


Constraint 
Fault Entry 
FTB+28H 


FTB+30H 


Protection 
Fault Ent 
FTB+3BH 


Machine 
Fault Ent 
FTB+40H 


FTB+4BH 


1)11e F!!.!!lLI;r:ttrY 
.__._._ ..._._. 
.... 
FTB+50H 


FTB+5BH 


FTB+60H 


Local-call 
Ent 


FTB+EBH 


FTB+FOH 


FTB+FBH 


1 
0 
o 
0 
n 


n+4 


1 
0 


1 0 
n 


n+4 


Fault-handler 
Procedure 
Address 


----------:----1 
Reserved 
- Initialize 
to zero 


B0960Hx 
only - Reserved 
on B0960Cx, 
B0960Jx 


Figure 4. 80960Cx 80960Jx, and 80960Hx Fault Table and Fault Table Entries 
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The fault types and subtypes 
are summarized 
for the 80960Cx, 
80960Jx, 
and 80960Hx 
processors: 
Each processor's 
users 


manual provides 
information 
on each fault type. 


Table 2. 80960Cx, 
80960Jx, 
and 80960Hx 
Fault Types 
and Subtypes 


Fault Type 
Fault 
Subtype 
Fault 
Record 


Number 
Name 
Number/Bit 
Name/Description 
(Hex) 
Position 


OOH 
Parallel 
02H through 
Indicates the number of faults that 
XXOO XX02 
FFH 
occur in parallel 
XXOOXXFF 


Bit 0 
Reserved 
Bit 1 
Instruction 
Trace 
XX01 XX02 
Bit 2 
Branch Trace 
XX01 XX04 


01H 
Trace 
Bit 3 
Call Trace 
XX01 XX08 
Bit 4 
Return Trace 
XX01 XX10 
Bit 5 
Prereturn 
Trace 
XX01 XX20 
Bit 6 
Supervisor 
Trace 
XX01 XX40 
i 


Bit7 
Breakpoint 
Trace 
XX01 XX80 


01H 
Invalid Opcode 
XX02 XX01 


02H 
Operation 
02H 
Un implemented 
XX02 XX02 
03H 
Unaligned 
XX02 XX03 
04H 
Invali~ Operand 
XX02 XX04 


03H 
Arithmetic 
01H 
Integer Overflow 
XX03 XX01 
02H 
Arithmetic 
Zero-divide 
XX03 XX02 


04H 
Reserved 


05H 
Constraint 
01H 
Constraint 
Range 
XX05 XX01 
02H 
Privileged 
XX05 XX02 


06H 
Reserved 


07H 
Protection 
Bit 1 
Length 
XX07 XX01 
Bit 5 
Bad Access1 
XX07 XX20 


08H 
Machine2 
Bit 1 
Parity Error 
XX08 XX02 


09H 
Reserved 


OAH 
Type 
01H 
Type Mismatch 
XXOA XX01 


OBH through 
Reserved 
OFH 


NOTES: 


1. 
80960Hx 
only. Added the Bad Access 
fault sub-type 
to support 
illegal memory 
accesses 
detected 
by the Guarded 
Memory 
Unit (GMU). 


2. 
80960Hx 
only. Added the Machine 
fault, with the Parity Error fault sub-type 
due to data parity sup- 
ported on the 80960Hx 
data bus. 
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2.1.4 
ControlTable 
The control table for the 80960Cx, 80960Jx, and 80960Hx 
processors is shown in Table 3 Unique control tables are 
required for each processor, due to differences in the region 
and bus control registers. Refer to each processor's users 
manual for additional details 


As shown in Figure 3, the pointer to the control table is 
found in the PRCB at offset 4H and is referred to as CTB 
(control table base address). It may be initialized 
to any 
valid, non-reserved location in memory. CTB points to the 
beginning of the control table, which contains entries for the 
initial 
values of the memory 
configuration, 
breakpoint, 
interrupt control, and additional registers. 


Table 3. Control Table for the 80960Cx, 
80960Jx, 
and 80960Hx 
Processors 
(Sheet 
1 of 3) 


Offset 
Description 
Group 


80960Cx: 
Instruction 
Breakpoint 
0 (IPBO) 
CTB + OOH 
80960Jx: 
Reserved 


.80960Hx: 
Reserved 


80960Cx: 
Instruction 
Breakpoint 
1 (IPB1) 
, . 


CTB + 04H 
80960Jx: 
Reserved 
80960Hx: 
Reserved 
OH 
80960Cx: 
Data Address 
Breakpoint 
0 (DABO) 
." 
. 
CTB + 08H 
80960Jx: 
Reserved 
80960Hx: 
Reserved 
,. 
", 


80960Cx: 
Data Address 
Breakpoint 
1 (DAB1) 
CTB + OCH 
80960Jx: 
Reserved 
80960Hx: 
Reserved 


80960Cx: 
interrupt 
Map 0 (IMAPO) 
CTB + 10H 
80960Jx: 
Same 
80960Hx: 
Same 
, 


80960Cx: 
interrupt 
Map 1 (IMAP1) 
. 
, 


CTB + 14H 
80960Jx: 
Same 
80960Hx: 
Same 
',' 
" 
,:-;.: 
'C 
1H 
80960Cx: 
interrupt 
Map 2 (IMAP2) 
CTB + 18H 
80960Jx: 
Same 
80960Hx: 
Same 


80960Cx: 
interrupt 
Control 
(ICON) . 
, 


CTB + 1CH 
80960Jx: 
Same 
80960Hx: 
Same 
- 


80960Cx: 
Memory 
Region 0 Configuration 
(MCONO) 
CTB + 20H 
80960Jx: 
Physical 
Memory 
Region 0:1 Configuration 
(PMCONO:1) 
80960Hx: 
Physical 
Memory 
Region 0 Configuration 
(PMCONO) 


80960Cx: 
Memory 
Region 
1 Configuration 
(MCON1) 
CTB + 24H 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 
1 Configuration 
(PMCON1) 
2H 
80960Cx: 
Memory 
Region 2 Configuration 
(MCON2) 
CTB + 28H 
80960Jx: 
Physical 
Memory 
Region 2:3 Configuration 
(PMCON2:3) 
80960Hx: 
Physical 
Memory 
Region 2 Configuration 
(PMCON2) 


80960Cx: 
Memory 
Region 3 Configuration 
(MCON3) 
CTB + 2CH 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 3 Configuration 
(PMCON3) 
I 
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Table 3. Control 
Table for the 80960Cx, 
80960Jx, 
and 80960Hx 
Processors 
(Sheet 2 of 3) 


Offset 
Description 
Group 


80960Cx: 
Memory 
Region 4 Configuration 
(MCON4) 
CTS +30H 
80960Jx: 
Physical 
Memory 
Region 4:5 Configuration 
(PMCON4:5) 
80960Hx: 
Physical 
Memory 
Region 4 Configuration 
(PMCON4) 


80960Cx: 
Memory 
Region 5 Configuration 
(MCON5) 
CTS +34H 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 
5 Configuration 
(PMCON5) 
~. 


3H 
80960Cx: 
Memory 
Region 
6 Configuration 
(MCON6) 
CTS +38H 
80960Jx: 
Physical 
Memory 
Region 6:7 Configuration 
(PMCON6:7) 
80960Hx: 
Physical 
Memory 
Region 6 Configuration 
(PMCON6) 


80960Cx: 
Memory 
Region 7 Configuration 
(MCON7) 
CTS+ 
3CH 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 7 Configuration 
(PMCON7) 


80960Cx: 
Memory 
Region 
8 Configuration 
(MCON8) 
; 


CTS +40H 
80960Jx: 
Physical 
Memory 
Region 8:9 Configuration 
(PMCON8:9) 
80960Hx: 
Physical 
Memory 
Region 8 Configuration 
(PMCON8) 


80960Cx: 
Memory 
Region 9 Configuration 
(MCON9) 
CTS +44H 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 9 Configuration 
(PMCON9) 
4H 
80960Cx: 
Memory 
Region 
10 Configuration 
(MCON10) 
CTS +48H 
80960Jx: 
Physical 
Memory 
Region 
10:11 Configuration 
(PMCON10:11) 
80960Hx: 
Physical 
Memory 
Region 
10 Configuration 
(PMCON10) 


80960Cx: 
Memory 
Region 
11 Configuration 
(MCON11) 
CTS +4CH 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 
11 Configuration 
(PMCON11) 
, 


80960Cx: 
Memory 
Region 
12 Configuration 
(MCON12) 
CTS + 50H 
80960Jx: 
Physical 
Memory 
Region 
12:13 Configuration 
(PMCON12:13) 
80960Hx: 
Physical 
Memory 
Region 
12 Configuration 
(PMCON12) 


80960Cx: 
Memory 
Region 
13 Configuration 
(MCON13) 
CTS + 54H 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical 
Memory 
Region 
13 Configuration 
(PMCON13) 
5H 
80960Cx: 
Memory 
Region 
14 Configuration 
(MCON14) 
CTS + 58H 
80960Jx: 
Physical 
Memory 
Region.14:15 
Configuration 
(PMCON14:15) 
80960Hx: 
Physical 
Memory 
Region 
14 Configuration 
(PMCON14) 


CTS + 5CH 
80960Cx: 
Memory 
Region 
15 Configuration 
(MCON15) 
80960Jx: 
Reserved 
(initialize 
to zero) 
80960Hx: 
Physical Memory 
Region 
15 Configuration 
(PMCON15) 


1-618 
I 


intel· 
AP-716 


Table 3. Control Table.for the 80960Cx, 80960Jx, 
and 80960Hx Processors 
(Sheet 3 of 3) 


Offset 
Description 
Group 


80960Cx: Reserved 
(initialize to zero) 
CTB + 60H 
80960Jx: Reserved 
(Initialize to zero) 


) 
80960Hx: Reserved 
(initialize to zero) 
.'- 
,. 


80960Cx: Breakpoint Control (BPCON) 
CTB + 64H 
80960Jx: Same 


J 
80960Hx: Same 
6H 
80960Cx: Trace Controls (TC) 
CTB +68H 
80960Jx: Same 
80960Hx: Same 


I 


80960Cx: Bus Configuration Control (BCON) 
i 
CTB + 6CH 
80960Jx: Same 
, 


80960Hx: Same 


NOTES: 


1. CTB = Control Table Base address, 
found in the Processor 
Control Block (PRCB). 


2. 
Differences exist between the processors 
in the format of the IMAPx and ICON registers. 
3.. Differences exist between the processors 
In the format of the BCON, MCON, and PMCON registers. 


Note that MCONO, PMCON14:15, and PMCON15 are initialized from the IBR at reset. 


2.1.5 
Arithmetic 
Control Register Initial 
Image 


The arithmetic control register (AC) is defined identically 
for the 80960Cx, 80960Jx, and 80960Hx processors. The 
AC initial iniage is programmed in the PRCB at offset 8H, 
and is shown as AClnltlm in Figure 3, Processor Control 
Block (PRCB) Structure (pg. 6). 
. 


2.1.6 
, 


Fault Configuration 
Word 


The fault configuration word is defined identically for the 
80960Cx, 80960Jx, and 80960Hx processors. The fault 
configuration word is programmed in the PRCB at offset 
CH, and is shown as FCW in Figure 3, Processor Control 
Block (PRCB) Structure (pg. 6). 


2.1.7 
Interrupt Table 


Recall that the pointer to the interrupt table base address is 
found in the PRCB at offset IOH. The interrupt table base 
address pointer is identified as ITB (interrupt, table base 
address), and may be-initialized to any valid, non-reserved 
location in memory. ITB points to the beginning of the 
interrupt table, which contains entries for the starting 
addresses 
(interrupt 
vectors) 
of 
all 
interrupt 
service 


routines. 
I 


The formats of the interrupt tables for the 80960Cx, 
80960Jx, land 80960Hx processors are identical. Interrupt 
vectors may be internally cached in on-chip data RAM in 
the same manner as well. The system may provide unique 
versions of the interrupt table for the 80960Cx and 
80960Hx processors, so that the interrupt enable (lnten) 
and disable (Intdls) 
instructions may be used, which are 
not available on the 80960Cx processor. 


2.1.8 
System Procedure Table 


As shown in Figure 3, Processor Control Block (PRCB) 
Structure (pg. 6), the pointer to the system procedure table 
is found in the PRCB at offset 14H. It is identified as SPTB 
(system 
procedure table 
base 
address), 
and 
may be 
initialized to any valid, non-reserved location in memory. 
SPTB 
points to the beginning of the system procedure 
table, which contains entries for the starting addresses 
system procedures. System procedures may be invoked by 
executing the call system (calls) instruction, or by the fault 
generator. 


The system procedure table formats for all three processors 
are identical. 


1-619 


The instruction cache 
configuration 
word (ICCW) is 
defined identically for all three processors. The ICCW 
initial image is programmed in the PRCB at offset 20H, and 
is shown as ICCW in Figure 3. 


2.1.11 
Register Cache Configuration Word 


The register cache configuration word (RCCW) initial 
image is programmed in the PRCB at offset 24H, and is 
shown as RCCW 
in Figure 3, Processor Control Block 
(PRCB) Structure (pg. 6). The 80960Jx and 80960Hx 
processors add additional programmability in addition to 
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2.2 
Register Values after ResetlReinitial- 
ization 


This section describes the values of the architectural state of 
the 80960Cx, 80960Jx, and 80960Hx processors after 
hardware reset and software reinitialization. 


2.2.1 
Common ResetlRelnitlallzed States 


Table 4 shows the inital state values held in common by all 
three processors after hardware reset and software reinitial- 
ization. 
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Table 4. Common 
State 
of the 196~Processors 
after 
Reset/Relnltlallzatlon 
(Sheet 1 of 2) 


Register 
Value 
after 
Hardware 
Reset 
Value 
after 
Software 
Reinitiallzation 


gO 
Device ID 
Device ID 


AC 
AC initial image at PRCBptr 
+ SH 
AC initial image at PRCBPtr 
+ SH 


TC 
TC initial image at CTB + 6SH 
TC initial image at CTB + 6SH 


FP (g15) 
ISP (PRCBPtr 
+ 1CH) 
ISP (PRCBPtr 
+ 1CH) 


PFP (rO) 
Undefined 
Value before Software 
Reinitialization 


SP (r1) 
ISP + 40H ([PRCBPtr 
+ 1CH] + 40H) 
ISP + 40H ([PRCBPtr 
+ 1CH] + 40H) 


RIP (r2) 
Undefined 
Undefined 


IPND 
Undefined 
Value before Software 
Reinitialization 


IMSK 
OOH 
OOH 


IMAPO 
CTB + 10H 
CTB + 10H 


IMAP1 
CTB + 14H 
- 
CTB + 14H 


IMAP2 
CTB + 18H 
CTB + 18H 


ICON 
CTB + 1CH 
. CTB + 1CH 


80960Cx: 
MCONO 
80960Jx: 
PMCONO:1 
CTB +20H 
CTB + 20H 
80960Hx: 
PMCONO 


80960Cx: 
MCON1 
CTB +24H 
CTB+ 
24H 
80960Hx: 
PMCON1 


80960Cx: 
MCON2 
80960Jx: 
PMCON2:3 
CTB + 28H 
CTB + 28H 
80960Hx: 
PMCON2 


80960Cx: 
MCON3 
CTB +2CH 
CTB +2CH 
80960Hx: 
PMCON3 


80960Cx: 
MCON4 
80960Jx: 
PMCON4:5 
CTB + 30H 
CTB +30H 
80960Hx: 
PMCON4 


80960Cx: 
MCON5 
CTB + 34H 
CTB + 34H 
80960Hx: 
PMCON5 


80960Cx: 
MCON6 
80960Jx: 
PMCON6:7 
CTB + 38H 
CTB + 38H 
80960Hx: 
PMCON6 


80960Cx: 
MCON7 
CTB +3CH 
CTB +3CH 
80960Hx: 
PMCON7 


80960Cx: 
MCON8 
80960Jx: 
PMCON8:9 
CTB + 40H 
CTB +40H 
80960Hx: 
PMCON8 


80960Cx: 
MCON9 
CTB + 44H 
CTB +44H 
80960Hx: 
PMCON9 
• 


80960Cx: 
MCON10 
80960Jx: 
PMCON10:11 
CTB +48H 
. 
CTB + 48H 
80960Hx: 
PMCON10 


I 
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Table 4. Common 
State 
of the 196~Processors 
after 
ResetJReinitiallzation 
(Sheet 2 of 2) 


Register 
Value 
after 
Hardware 
Reset 
Value 
after 
Software 
Reinitialization 


80960Cx: 
MCO~ 11 
CTB +4CH 
CTB + 4CH 
80960Hx: 
PMCON11 


80960Cx: 
MCON 12 
80960Jx: 
PMCON12:13 
CTB + 50H 
CTB + 50H 
80960Hx: 
PMCON12 


80960Cx: 
MCON13 
CTB + 54H 
CTB + 54H 
80960Hx: 
PMCON13 
~, 


80960Cx: 
MCON14 


80960Jx: 
PMCON14:15 
CTB + 58H 
CTB + 58H 
80960Hx: 
PMCON14 


80960Cx: 
MCON15 
CTB +5CH 
CTB +5CH 
80960Hx: 
PMCON15 


BCON 
CTB + 69H 
CTB +6CH 


2.2.2 
Differences in the ResetlReinitializedState 


Table 5 shows the differences 
jn the state of the 80960Cx, 
80960Jx, 
and 80960Hx 
processors 
after hardware 
reset and 
software 
reinitialization. 


Table 5. Differences 
in State 
of the i96~Processors 
after 
ResetJRelnitiallzation 
(Sheet 
1 of 2) 


Value 
after 
Software 
Reinitial- 
Processor 
Register 
Value 
after 
Hardware 
Reset 
ization 
Cx 
Jx 
Hx 


C01F.2002H 
C01F.2002H 
X 
PC 


\. 
001F.2002H 
001F.2002H 
X 
X 


DMAC (sf2) 
OOH 
OOH 
X 


CCON (sf2) 
TBD 1 
TBD 1 
X 


CTB +64H 
CTB + 64H 
X 
BPCON 
OOOO.OOOOH 
OOOO.OOOOH 
X 
·X 


LMARx 
Undefined 
Value before Software 
Reinitial- 
X 
X 
ization 


LMMRx 
Bit 0 = 0; bits 1 - 31 = undefined 
Bit 0 = 0; bits 1 - 31 = undefined 
3 
X 
X 


DLMCON 
Bit 0 = bit 7 of byte InitBusCon3; 
Bit 0 = value before warm reset; 
X 
X 
bit 1 = 0; bits 2 - 31 = undefined 
bit 1 = 0; bits 2 - 31 = undefined 


TRRx 
Undefined 
Value before software 
reinitial- 
X 
X 
ization 


TCRx 
Undefined 
Value before software 
reinitial- 
X 
X 
ization 


TMRx 
Bits 1 - 6 = 0; bits 0:17 - 31 = 
Bits 1 - 6 = 0; bits 0:17 - 31 = 
X 
X 
undefined 
undefined 
Ir 
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MDUBO thru 
Undefined 
Value before Software 
Reinitial- 
X 
MDUBS 
ization 


MDLBO thru 
Undefined 
Value before Software 
Reinitial- 
X 
MDLBS 
ization 


CTB +OOH 
CTB +OOH 
X 
IPBO 
OOOO.OOOOH 
OOOO.OOOOH 
X 
X 


CTB +04H 
CTB + 04H 
X 
IPB1 
OOOO.OOOOH 
OOOO.OOOOH 
X 
X 


CTB + 08H 
CTB+ 
08H 
X 
DABO 
OOOO.OOOOH 
OOOO.OOOOH 
X 
X 


CTB +OCH 
CTB + OCH 
X 
DAB1 
0000.0000 
OOOO.OOOOH 
X 
X 


IPB2 thru IPBS 
OOOO.OOOOH 
Value before Software 
Reinitial- 
X 
ization 


DAB2 thru 
OOOO.OOOOH 
Value before Software 
Reinitial- 
X 
DABS 
ization 


XBPCON 
OOOO.OOOOH 
Value before Software 
Reinitial- 
X 
ization 


DEVICEID 
Device Identification 
Device Identification 
X 
X 


NOTES: 


1. 
Bit 31 = 1, all others = 0 


2. 
Bits 1-5 = 0, bits 0,6-31 
= undefined 


3. 
LMMRx 
retains value (Jx only) otherwise, 
bit 0 = 0, bits 1-31 = undefined 


I 
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2.3 
Initial Bus Configuration 


As indicated 
in Figure 
I, Initialization 
Boot Record 
(IBR) 
Structure, 
The InitBusConx bytes are used for the initial 
configuration 
of the bus controller. 
These 
bytes configure 
the 
bus 
controller 
during 
the 
interim 
period 
from 
the 
beginning 
of initialization 
until the remainder 
of the config- 
uration 
data structures 
are loaded from external 
memory 
to 
fully configure 
the bus controller. 
Each processor 
uses these 
bytes to initialize 
the appropriate 
memory 
control 
register. 


Since each processor 
has unique 
memory 
control 
register 
formats, 
these 
bytes 
are 
interpreted 
differently 
for each 
processor. 
For more information 
on memory 
control, 
refer 
to Section 2.3.4, External 
Bus Configuration. 


2.3.1 
80960Cx Processor 


The first four words of the IBR are fetched 
from memory 
with the most relaxed bus parameters, 
specifically: 


Non-burst 


Non-pipelined 


Ready disabled 


8-bit bus width 


Little endian byte order 


NRAO= 
31 


NROO= 
3 


NwAD=31 


Nwoo= 
3 


NXOA =3 


The 80960Cx 
provides 
memory 
control 
with 
16 Memory 
Control 
registers, 
named MCONI5:0. 
The MCON registers 
define 
the 
physical 
attributes 
of 
the 
external 
memory 
system: 
wait state profiles, 
bus width, pipelining, 
bursting, 


READY 
enable, 
etc. MCONO controls external 
accesses 
to 
addresses 
OOOO.OOOOHthrough 
OFFF.FFFFH, 
MCON I 
controls 
accesses 
1000.0000H 
through 
IFFF.FFFFH, 
and 


so forth. In this manner, 
the MCON 
registers 
control 
256 
Mbyte 
regions 
of memory. 
The bus controller 
interface 
is 
discussed 
in 
further 
detail 
in 
Section 
2.3.4.1, 
External 
Memory 
Configuration 
on the 80960Cx 
Processor. 


As the first four words of the IBR are read from external 
memory, 
the low-order 
byte from each word is loaded into 
MCONO. The exact order in which these words are read is 
implementation 
dependent. 
This means that InitBusConO 
is loaded into MCONOo,InitBusCon1 
into MCONO!, 
and 


so forth. The most significant 
byte of all MCONx 
registers 
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is 
reserved, 
and 
must 
be 
programmed 
to 
zero 
(InitBusCon3 must be zero). Once MCONO is configured, 
all subsequent 
external 
bus accesses 
are controlled 
by this 
register 
until 
the 
remaining 
MCONx 
and 
Bus 
Control 
(BCON) 
registers 
are 
configured. 
After 
the 
MCONx 
registers 
are configured, 
they 
are marked 
valid 
and then 
control accesses to their respective 
memory regions .. 


Typically, 
the IBR is located in ROM memory; 
MCONO is 
initially 
loaded 
with the appropriate 
parameters 
to access 
this memory. 


2.3.2 
80960Jx Processor 


The first four words of the IBR are fetched 
from memory 
with the most relaxed bus parameters, 
specifically: 


8-bit bus width 


Since 
there 
is 
no 
internal 
wait 
state 
generator 
on 
the 


80960Jx, 
the external 
memory 
system must return READY 
as appropriate. 


The 
80960Jx 
allows 
enhanced 
memory 
control 
by 


providing 
eight 
Physical 
Memory 
Control 
registers 


(PMCONx:x+i), 
two 
Logical 
Memory 
Control 
register 


pairs (LMCONx), 
and the Default Logical 
Memory 
Control 
register 
(DLMCON). 
The 
PMCONx:x+1 
registers 
define 


the 
bus 
width 
of 
the 
external 
memory 
system. 
The 


LMCONx 
register pairs define the logical characteristics 
of 


the 
external 
memory 
system 
which, 
in the 
case 
of the 


80960Jx, 
is simply 
cacheability. 
The 
DLMCON 
register 


defines 
the default 
logical 
characteristics 
of the external 


memory 
system 
for addresses 
not specifically 
covered 
by 


the LMCONx 
register pairs. This means that the DLMCON 


register 
controls 
the default 
cacheability 
characteristic 
of 


external 
memory, 
as well as the globally 
controlling 
byte 


order 
(big- 
or little-endian), 
Byte 
order 
on the 
80960Jx 


cannot 
be 
controlled 
by 
LMCONx 
register 
pairs 
on 
a 


region-by-region 
basis; the memory 
space is uniformly 
big- 


or little-endian. 


PMCONO: I controls the bus width for external 
accesses 
to 


addresses 
OOOO.OOOOH 
through 
IFFF.FFFFH, 
PMCON2:3 


controls 
accesses 
2000.0000H 
through 
3FFF.FFFFH, 
and 


so forth. In this manner, the PMCONx:x+1 
registers 
control 
512 Mbyte regions of memory. 
The LMCON 
registers 
may 


be programmed 
to control 
a variable 
range 
of addresses. 


The bus controller 
interface 
is discussed 
in further detail in 
Section 
2.3.4.2, 
External 
Memory 
Configuration 
on the 


80960J x Processor. 


I 


intet 


As the first four words of the IBR are read from external 
memory, 
the low-order 
byte from each word is loaded into 
memory 
configuration 
register 
14:15 (PMCONI4:15). 
The 
exact order in which these words are read is implementation 
dependent. 
This means 
that InltBusConO 
is loaded 
into 
PMCONI4:150, 
InltBusCon1 
into 
PMCONI4:151, 
and 
so forth. Once PMCONI4:15 
is configured, 
all subsequent 
external bus accesses are controlled 
by this register until the 
remaining 
PMCONx:x+l 
and 
Bus 
Control 
(BCON) 
registers 
are initialized. 
After the PMCONx:x+1 
registers 
are 
initialized, 
they 
are 
marked 
valid 
and 
then 
control 
accesses 
to 
their 
respective 
memory 
regions. 
Bit 
7 
of 
InitBusCon3 
is 
loaded 
into 
bit 
0 
of 
the 
DLMCON 
register; 
this bit controls data endianess 
for the entire 32-bit 
memory 
space. 


Typically, 
the 
IBR 
is 
located 
in 
ROM 
memory, 
and 
PMCONI4:15 
is 
initially 
loaded 
with 
the 
appropriate 
parameters 
to access this memory. Note that PMCONI4: 
15 


is initialized 
first from the IBR, as opposed 
to PMCONO: I 


(or as MCONO is on the 80960Cx). 
This makes sense since 
the IBR 
is fixed 
in memory 
region 
15; accesses 
to this 
memory 
region 
are normally 
controlled 
by PMCONI4:15, 
not 
PMCONO: I. On the 
80960Cx, 
system 
programmers 
were often required to reconfigure 
MCONO (which controls 
memory 
region 
zero) if the memory 
profile for this region 
did not match that of memory region 
15. 


2.3.3 
80960Hx 
Processor 


The first four words of the IBR are fetched 
from memory 
with the most relaxed bus parameters: 


Non-burst 


Non-pipelined 


Ready disabled 


8-bit bus width 


Little endian byte order 


NRAD= 31 


NRDD= 3 


NWAD=31 


NWDD=3 


NXDA = 15 


The possible 
number of NXDA wait states is increased 
from 
three on the 80960Cx, 
to fifteen on the 80960Hx. 
I 
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The 
80960Hx 
allows 
enhanced 
memory 
control 
by 
providing: 


16 Physical 
Memory Control registers 
(PMCONx) 


15 Logical Memory Control register pairs (LMCONx) 


Default Logical Memory 
Control register 
(DLMCON) 


The PMCONx 
registers 
define the physical 
attributes 
of the 
external 
memory 
system: 
wait 
state 
profiles, 
parity, 
bus 
width, 
pipelining, 
bursting, 
READY 
enable, 
etc. 
The 


LMCONx 
register pairs define the logical characteristics 
of 
the external 
memory 
system: 
data endianess, 
data 
cache 


independently 
invalidatable 
regions, 
and cacheability. 
The 


DLMCON 
register 
defines 
the default 
logical 
character- 
istics of the memory 
system 
for addresses 
not specifically 


covered by the LMCONx 
register pairs. 


PMCONO 
controls 
external 
accesses 
to 
addresses 


OOOO.OOOOHthrough 
OFFF.FFFFH, 
PMCONI 
controls 


accesses 
1000.0000H 
through IFFF.FFFFH, 
and so forth. 


In this manner, 
the PMCONx 
registers 
control 
256 Mbyte 


regions 
of memory. 
The LMCONx 
register 
pairs may be 


programmed 
to 
control 
a variable 
range 
of 
addresses. 


PMCON 
registers 
(80960Hx) 
and 
MCON 
registers 


(80960Cx) 
are roughly 
analogous 
in functionality, 
if the 


endianess 
and 
cache ability 
bits 
are 
ignored. 
The 
bus 


controller 
interface 
is discussed 
in further detail in Section 


2.3.4.3, 
External 
Memory 
Configuration 
on the 80960Hx 


Processor. 


As the first four words 
of the IBR are successively 
read 
from external 
memory, 
the low-order 
byte from each word 


of the IBR is successively 
loaded into each byte of Memory 


Configuration 
register 
15 (PMCONI5). 
This 
means 
that 
InitBusConO 
gets 
loaded 
into 
PMCONI50, 


InitBusCon1 
into 
PMCONI51, 
and 
so 
forth. 
Once 


PMCONI5 
is 
configured, 
all 
subsequent 
external 
bus 


accesses 
are controlled 
by this register 
until the remaining 


PMCONx 
and 
Bus 
Control 
(BCON) 
registers 
are 


initialized. 
After all PMCONx 
registers 
are initialized, 
they 


are 
marked 
valid 
and 
then 
control 
accesses 
to 
their 


respective 
memory regions. 


Typically, 
the 
IBR 
is 
located 
in 
ROM 
memory, 
and 


PMCONI5 
is 
initially 
loaded 
with 
the 
appropriate 


parameters 
to access this memory. 
Note that PMCONI5 
is 


initialized 
first from the IBR, as opposed 
to PMCONO (or 


as MCONO is on the 80960Cx). 
This makes sense since the 


IBR is fixed in memory region 
15; accesses 
to this memory 


region 
are 
normally 
controlled 
by 
PMCONIS, 
not 


PMCONO. 
On the 
80960Cx, 
system 
programmers 
were 


often 
required 
to 
reconfigure 
MCONO 
(which 
controls 
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memory region zero) if the memory profile for this region 
did not match that of memory region 15. 


2.3.4 
External 
Bus Configuration' 


.intel· 


2.3.4.1 
External 
Memory 
Configuration 
on 
the 80960Cx 
Processor 


The 
80960Cx 
processor's 
MCON 
registers 
define 
the 
physical nature of the memory system (wait state profile, 
ready enable, burst, pipeline, bus width), and logical nature 
(byte order, cacheability 
- CF only). There are 16 MCON 
registers, one for each 256-Mbyte physical memory region. 
These registers 
are. labelled 
MCONO through 
MCON 15. 


The format of the MCON register is shown in Figure 5. 


... 
,. 


Burst Enable ------------::..-'--------------------., 
(0) Disabled 
(1) Enabled 
• 


READY/BTERMEnable----------------------'---:----, 
(0) Disabled 
(1) Enabled 
Read Pipelining Enable --------------------'-----:-------, 
(0) Disabled 
(1) Enabled 
NRADWait States--------------------------., 
0-31 wait states 


NRDDyvaitStates~~---I-1 
0-3 wait states 
_ 
NXDAWait States----''-----'---'----...:.~--------- 
0-3 wait states 
NWADWait States ---------------1 
0-31 Wait States 
+ 


This 
section 
describes 
differences 
in the external 
bus 
configuration 
of the 
8096OCx, 
80960Jx, 
and 
80960Hx 
processors. Specifically, this section outlines the differences 
in 
programming 
the 
Memory 
Region 
Configuration 
(MCON), 
Physical 
Memory 
Region 
Configuration 
(PMCON), 
Logical Memory Template Address (LMAR), 
Logical Memory Template Mask (LMMR), Default Logical 
Memory 
Configuration 
(DLMCON), 
and 
Bus 
Control 
(BCON) registers. 


111111 


12 
8 
31 
24 
20 
16 
L-.JL-.J 


1 
t 
-'- 
NWDDWait States 


0-3 wait states 
--------------Bus 
Width 
(00) 8-bit bus 
(01) 16-bitbus 
(10) 32-bit bus 
(11) Reserved 
L-----------------Byte 
Order 
(0) Little-endian 
(1) Big-endian 
L------------------Data 
Cacheability (CF Only) 
(0) Disabled 
(1) Enabled 


Reserved 
(Initializeto 0) 


o 
28 


, 


o 


Figure 5. 80960Cx 
MCON RegIster 
Format 
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As shown in Figure 6, The Bus Control Register (BCON) 
physical memory parameters found in MCONOfor accesses 
mainly' serves to validate the values stored in the MCON 
to all regions (Recall that MCONOis initialized from.data 
registers (region table). Immediately after a hardware reset, 
found in the IBR). Once the entire region table is loaded by 
the region table is marked invalid in the BCON register. 
reset microcode, the region table is marked valid in the 
Whenever the region table is marked invalid in the BCON 
BCON register (bit 0 = 
I), and the BCU uses the 


register (bit 0 = bit 0), the Bus Control Unit (BCU) uses the 
appropriate user programmed values. 


Region Table Valid 
o = Region table Invalid, use MCONO 
1 = Region table valid, use all MCON registers 


Internal 
RAM Protect 
(IRP) 
o = Internal data RAM not protected 
from user mode writes 
1 = Internal data RAM protected 
from user mode writes 


31 
28 
24 
20 
16 
12 
8 
4 


Reserved 
(Initialize 
to 0) 


Figure 6. 80960Cx 
BCON Register 


2.3.4.2 
.External 
Memory 
Configuration 
on 
the 80960Jx 
Processor 
There are eight PMCON registers, one for each 512 Mbyte 
physical memory region on the 80960Jx (PMCONO:I 
through 
PMCONI4:15). 
There 
are 
two 
pairs 
of 


LMAR/LMMR registers 
(LMARO, LMARI, LMMRO, 


LMMRI), and one DLMCON register. 


Control of physical and logical memory characteristics is. 
divided among several registers on the 80960Jx: 


Physical Memory Region Control (PMCON) 


Logical Memory Template Address (LMAR) 


Logical Memory Template Mask (LMMR) 


Default Logical Memory Configuration (DLMCON) 
registers 


PMCON registers control the bus width on the 80960Jx 
processor. This is shown in Figure 7. 


J 


" 


o 


1-627 


AP-716 
intet 


31 
20 
0, 
28 
24 
16 
12 
8 
4 


L-.J 
t 
----'__ 
Bus Width 


(00) 8-bit bus 
(01) 16-bit bus 
(10) 32-bit bus 
(11) Reserved 
o 
Reserved 
(Initialize 
to 0) 


I'), 


Figure 7. 


, 
. 


PMCON 
Register 
Format for the 80960Jx 
Processor 


Logical memory control registers (LMARx and.LMMRx) 
inform the processor logical attributes of external memory. 
On the 80960Jx, the only logical attribute controlled by 
logical memory register pairs is data cacheability. Thelow- 
order bit LMARx registers reflects the state byte-order 
control bit present in DLMCON, In the LMARx registers, 
this is a read only bit. In other words, the 80960Jx does not 
support multiple byte-order profiles by logical region; it 
implements only ahomogeneous model. The entire memory 
map is either big-endian or little-endian. 


Logical 
memory 
regions 
are 
created 
using 
the 
LMAR/LMMR register pair. Either: 
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LMAR contains a starting address (4 Kbyte granu- 
larity), 
against 
which 
all 
external 
accesses 
are 
compared, or 


LMMR contains 
a mask, 
which indicates which 
address bits in LMAR are actually compared (compare 
under mask). 


In this manner, one register pair can be used to create 
.multiple logical regions, aliased on an arbitrary power-of- 
two boundary, by making some combination of upper 
memory bits "don't care." The format of the LMAR and 
LMMR registers is shown in Figure 8. 


I 
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ByteOrder(Read-only)----.:.-'------------ 
---------'----------, 
o = little-endian 
1 = Big-endian 
DataCacheEnable----------------------'--=-'"_='_ 
_-...,.....,'---,------, 


o = Datacachingdisabled 
1 = Write-throughcachingenabled 
, 


T~mplate Startln Addm~~ 


. 
."{ 


31 
24 
28 
20 
16 


LogicalMemoryTemplateStartingAddressRegister(LMARx) 


12 
8 
4 


[. 
i 


LogicalMemoryTemplateEnableControl---------------------------, 
o = LMT disabled 
1= LMT enabled 


T'm plateAddre~M""1 


31 
28 
24 


D 


Reserved 
(Initializeto 0) 


20 


,.' 


16 


LogicalMemoryTemplateMaskRegister(LMMRx) 


12 
8 


Figure 8. 
Format 
of LMARx 
and LMMRx 
Pairs on the 80960Jx 
Processor 


J 


4 


o 


.', 


o 
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The 
Default 
Logical 
Memory Configuration 
Register 


(DLMCON) provides default logical memory control for 
those accesses which do not fall within a region defined by 
the logical memory control register pairs. Logical attributes 
controlled by the DLMCON include data caching enable 


infel· 


and byte ordering. On the 
80960Jx, the byte order 


programmed in the DLMCON register 
controls byte 


ordering for the entire 32-bit memory space. The format of 
the DLMCON is i1}ustratedin Figure 9. 


B~eOroer------------------------------------------------~--~~~------~---------, 
o = Little-endian 
1= Big-endian 
Data Cache Enable Control------------------------------------------------------------'1 
o = Data caching disabled 
1= Write-throughcaching enabled 


31 
20 
o 
28 
24 
0 
, 


Reserved 
(Initializeto 0) 


16 
12 
8 
4 


Figure 9. 
Format of the DLMCON 
Register 
on the 80960Jx 


The Bus Control Register (BCON) mainly serves to validate 
the values stored in the PMCON registers (region table). 
Immediately after a hardware reset, the region table is 
marked invalid in the BCON register (bit 0 =0). Whenever 
the region table is marked invalid in the BCON register, the 
Bus Control 
Unit (BCU) uses the physical 
memory 
parameters found in PMCONI4:15 
for accesses to all 


regions (recall that PMCONI4:l5 is initialized from data 
found in the IBR). Once the entire region table is loaded by 
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reset microcode, the region table is marked valid in the 
BCON register (bit 0 = I), and the BCU uses the 
appropriate user programmed values. The BCON register 
format is presented in Figure 10. 


I 
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Region Table Valid ------------------------:-.-----.,..-----, 
0= Region table invalid, use PMCON14:15 
1 = Region table valid, use all PMCON registers 


Intemal RAM Protect (IRP)------------------------------, 
o = Internal data RAM not protected from user mode writes 
1 = Intemal data RAM protected from user mode writes 


Supervisor 
Intemal RAM Protect (SIRP) --------------------~ 
,;------, 
0= First 64 bytes not protected from supervisor mode writes 
1 = First 64 bytes protected from supervisor 
mode writes 


• 
. 
' . 
.~. 


I. 


'.' 


I j' 
, 
, 
. 
t 
; 
,,' 


31 
20 
o 
28 
24 


Reserved 
(Initialize to 0) 


16 
12 
8 
4 


Figure 10. 
Format of the BeON Register 
on the 80960Jx 


2.3.4.3 
External 
Memory 
Configuration 
on 
the 80960Hx 
Processor 


Control 
of physical 
and logical 
memory 
characteristics 
is 
divided among several registers on the 80960Hx: 


Physical 
Memory 
Region Control (PM CON) 


Logical 
Memory 
Template 
Address (LM{\R) 


Logical 
Memory 
Template 
Mask (LMMR) 


Default 
Logical 
Memory 
Configuration 
(DLMCON) 
registers 


There 
are 
sixteen 
PMCON 
registers, 
one 
for each 
256 
Mbyte physical 
memory 
region on the 80960Hx 
(PMCONO 
through 
PMCONI5). 
There 
are 
fifteen 
pairs 
of 
LMARlLMMR 
registers 
(LMAROILMMRO 
through 
LMARI4ILMMRI4), 
and one DLMCON 
register. 


PMCON 
registers 
define 
the 
following 
physical 
memory 
attributes 
for the 80960Hx. 


Read Address to DataWait 
States 


Read Data to Data Wait States 


Write Address to Data Wait States 
I 


Write Data to Data Wait States 


Bus Turnaround 
Wait States 


Data Bus Parity 


Parity Sense 


Bus Width 


Read Pipelining 


Burst Enable 


READY~ 
Enable 


Note that this is a superset 
of the control found in 80960Cx 
MCON registers. 
Also note that the format for the PMCON 
registers 
of the 
80960Jx 
and 
80960Hx 
match; 
80960Jx 
PMCON 
registers 
select 
only 
bus 
width, 
but 
the 
bit 
positions 
are the same. 


The PMCON register format is shown in Figure 
11. 
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Read Address 
to Data Wait States 
o to 31 wait states allowed 
. 


Read Data to Data Wait States 
o to 3 wait states allowed 


Write Address 
to Data Wait States 
0·31 
wait states allowed 


Write Data to Data Wait States 
o - 3 wait states 
allowed 


i 
B",T"m'~"dW'''S'''''~ 
o to 15 wait states 
allowed' 
• 
, 


I 


31 
28 
24 
20 I 
III 
I 
I 
III 
I 
I 


L-J 


1 
1 


16 
12 
8 
4 
0 


Parity Enable 
o = Parity disabled 
'. 
1 = Parity enabled 


'- 
" 
I 
Parity Sense 
o = Even parity 
1 = Odd parity 


Bus Width 
(00) 8-bit bus 
(01) 16-bit bus 
(10) az-eu bus 
(11) Reserved 


Read Pipelining 
Enable 
0= 
disabled 
1 = enabled 


Burst Enable 
0= 
disabled 
0 


1 = enabled 
. 
READYIBTERM 
Enable 


Reserved 
0= 
READY/BTERM 
ignored 
(Initialize 
to 0) 
1 = READYIBTERM 
enabled 


I 


Figure 11. 
PM CON Register 
Format for the 80960Hx 
Processor 


Logical memory control registers (LMARx and LMMRx) 
inform the processor of the logical attributes of external 
memory. On the 80960Hx. these registers control byte 
ordering, data caching, and regions to be marked for quick 
invalidation in the data cache, Lines in the data cache filled 
from a "quick invalidation" region may be invalidated by 
executing the Data Cache Control (dcctl) 
instruction, 
without invalidating the entire cache, Note that byte 
.ordering is controlled by logical region on the 80960Hx; the 
80960Jx supports only global byte ordering, 


Logical 
memory 
regions 
are 
created 
using 
the 


LMARlLMMR register pair, LMAR contains a starting 
address (4 Kbyte granularity), against which all external 
accesses are compared, LMMR contains a mask, which 
indicates 
which address 
bits 
in LMAR 
are 
actually 


compared (compare under mask), In this manner, one 
register pair may be used to create multiple logical regions, 
aliased on an arbitrary power-of-two boundary, by making 
some combination of upper memory bits "don't care." 
LMAR and LMMR register formats are shown in Figure 12, 
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B~eOrder---------------------------------------------------------------------, 
o = Little-endian 
1= Big-endian 
DataCache Enable 
--, 
o = Datacachingdisabled 
1 = Write-throughcaching enabled 
DataCache IndependentlyInvalidatableRegion 
_ 
o = Regionis not independentlyinvalidatable 
I 
1 = Regionis independentlyinvalidatable 
TemplateStarting'Address 
• 


, -, 


31 
, 4 
o 


Logical MemoryTemplateEnableControl------------------------------------------------------, 
o = LMT disabled 
1 = LMT enabled 


Template 
Address 
Mask ~ 


28 
24 
20 
16 
12 
8 


Logical MemoryTemplateStartingAddress Register(LMARx) 


31 
. 
4 
28 
24 
20 
16 
12 
8 


Logical MemoryTemplateMask Register(L¥MRx) 
o 
Reserved 
(Initializeto 0) 


o 


Figure 12. 
LMARx 
and LMMRx Regl~terson the 80960Hx 
Processor 
(LMCONx 
Pair) 
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The Default 
Logical 
Memory 
Configuration 
Register 
(DLMCON) 
provides 
default 
logical 
memory 
control 
for those 
accesses 
which 
do not fall within 
a region 
defined 
by the logical 
memory 
control 
register 
pairs. 
Logical 
attributes 
controlled 
by the DLMCON 
include 
data caching 
enable, 
independent 
data cache 
invalidation, 
and byte ordering. 
The 
DLMCON 
register format is illustrated 
in Figure 
13. 


31 
28 
24 
20 
16 
12 
8 
4 
0 
0 


Reserved 
(Initialize to 0) 


Figure 13.· DLMCON 
Register 
on the 80960Hx 


Byte Order 
o = Little-endian 
1 = Big-endian 


,- 


ata Cache Enable Control 
o = Data caching disabled 
1 = Write-through caching enabled 


ata Cache Independently 
Invalidatable Region 
, 


j 
o = Region can not be independently 
invalidated 


·1= Region can be independently 
invalidated 


I 
.-,~ 
'" 
I- 
1- 


I 


D 


D 


The Bus Control 
Register 
(BCON), 
represented 
in Figure 
14, mainly serves to validate 
the values stored in the PMCON 
registers (region table). Immediately 
after a hardware 
reset, the region table is marked invalid in the BCON register (bit 0 = 


0). Whenever 
the region 
table is marked 
invalid 
in the BCON 
register, 
the Bus Control 
Unit (BCU) 
uses the physical 
memory 
parameters 
found in PMCON15 
for accesses 
to all regions (recall that PMCONl:S 
is initialized 
from data found in 


the IBR). Once the entire region table is loaded by reset microcode, 
the region table is marked 
valid in the BCON register 


(bit 0 = I), and the BCU uses the appropriate 
user programmed 
values, 


31 Q 


28 


Reserved 


, 
(Initialize to 0) 


24 
20 
16 
12 
8 
4 
o 


Region Table Valid 
0= Region table invalid, use PMCON15 
1 = Region table valid, use all PMCON registers 


ternal RAM Protect (IRP) 
o = Internal data RAM not protected from user mode writes 
1 = Internal data RAM protected from user mode writes 


upervisor Internal RAM Protect (SIRP) 
, 
r 
! 


o = First 64 bytes not protected from supervisor 
mode writes 
1 = First 64 bytes protected from supervisor 
mode writes 


In 


S 


Figure 
14. 
Format 
of the BCON Register 
on the 80960Hx 
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Table 6. New 80960Jx and 80960Hx Instructions 


Processor 
Instruction 
Name 
Mnemonic 
Jx 
Hx 


Conditional Integer/Ordinal Add 
addi<cc>/addo<cc> 
X 
X 


Conditional Integer/Ordinal Subtract 
subi<cc>/subo<cc> 
X 
X 


Byte Swap 
bswap 
X 
X 


Compare Integer/Ordinal Byte 
cmpib/cmpob 
X 
X 


Compare Integer/Ordinal Short 
cmpis/cmpos 
X 
X 


Select Valu~ 
sei<cc> 
X 
X 


Data Cache Control 
dcctl 
X 
X 


Instruction Cache Control 
icctl 
X 
X 


Interrupt Control 
intctl 
X 
X 


Global Interrupt Disable 
Intdis 
X 
X 


Global Interrupt Enable 
inten 
X 
X 


Halt 
halt 
X 
X 


Flush Data Cache Contents by Address 
dcflusha 
X 


Give Address to Data Cache as Hint 
dchlnt 
X 


Data Cache Invalidate by Address 
dclnva 
X 


NOTES: 


1. <cc> indicates conditional instructions. These conditions include: no - unordered, g - 
greater, e - equal, ge - greater or equal, I - less, le - less or equal, ne - not equal, 
0- ordered. 


I 
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3.1.1 
Conditional 
Integer/Ordinal Add and Subtract and Select Value Instructions 


Conditional 
add instructions 
(addl-cccc-/addo-ccc» 
provide 
an efficient 
method 
for encoding 
C language 
constructs. 


Consider 
the following 
example: 


if 
(condition) 
value 
+= 
adder; 
1* may 
translate 
to 
following 
assembly 
*1 
cmpir4, 
·01* 
condition 
in 
r4 
* I 
addinerS, 
r6, 
rS/* 
value 
in 
rS, 
adder 
in 
r6 
*1 


This eliminates 
the need to branch 
around 
the addition. 
A similar 
ex·ample 
could 
hi: cited for the subtract 
instruction 
(sublccco/suboccc»). 
The select value instruction 
(sekcc» 
provides 
the ability 
to conditionally 
move data, thus an 
efficient 
means to encode the following 
C construct: 


r 
= a ? b 
: c; 
1* may 
translate 
to 
following 
assembly 
*1 


cmpir4, 
01* 
a 
in 
r4, 
tested 
against 
OOOO.OOOOH 
*1 


seler5, 
r6, 
r7 
/* 
r 
in 
r7, 
b 
in 
rS, 
c 
in 
r6 
*/ 


Again, this eliminates 
the need to branch around a move instruction. 


The operation 
of these new instructions 
depends 
on the condition 
code mask applied by the instruction, 
to the current 
state 
of the condition 
code flags. Condition 
code masks are selected based on the <cc> field, and listed in Table 7. 


Table 7. Condition Code Masks 


Mask 
Instruction 
Mask 
Instruction 


0002 
Unordered 
1002 
Less 


0012 
Greater 
1012 
Not Equal 


0102 
Equal 
1102 
Less or Equal 


0112 
Greater or Equal 
1112 
Ordered 


NOTES: 


1. Mask values correspond to those values applied to the condition code flags, found in 
the Arithmetic Controls register (AC.cc). 


3.1.1.1 
Operation of Conditional 
Add Instruction 


The conditional 
add instructions 
perform the following 
operation: 


if 
« 
«mask 
!= 0002) 
&& 
(mask 
& AC.cc» 
!= 0002) 
11 
«mask 
src/dst 
= 
src2 
+ srcl; 
0002) 
&& 
(AC.cc 


3.1.1.2 Operation of Conditional 
Subtract Instruction 


The conditional 
subtract instructions 
perform the following 
operation. 


if 
« «mask 
!= 0002) 
&& 
(mask 
& AC.cc» 
!= 0002) 
11 
«mask 
src/dst 
=·src2 
- srcl; 
0002) 
&& 
(AC.cc 


3.1.1.3 Operation of Select Value Instruction 


The select value performs 
the following 
operation: 


if 
« 
«mask 
!= 
0002) 
&& 
(mask 
& AC. cc» 
!= 
0002) 
11 
«mask 
src/dst 
src2; 
else 
src/dst 
srcl; 


0002) 
&& 
(AC.cc 
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3.1.2 
Byte Swap Instruction 
(bswap) 


The byte swap instruction 
is useful 
for reversing 
the byte 
ordering 
of a value; it swaps a value's 
endianess 
from little- 
to big-endian, 
or vice 
versa. 
For 
instance, 
if a register 
contains 
FFOO.AA55H, then after the bswap instruction, 
it 
will contain 55AA.OOFFH. The operation 
of this instruction 
follows: 


src/dst 
= 
((src1 rotate 
8) 
& 
OOFF.OOFFH) 
+ 
((src1 rotate 
24) & FFOO.FFOOH), 


where 
rotate 
means 
to shift the value 
to the left by the 
number 
of bits 
specified; 
bits 
shifted 
out 
of the 
MSB 
position 
are inserted 
back at the LSB position. 
The user 
should 
be 
aware 
that. 
on 
some 
implementations, 
it is 
possible 
to 
perform 
the 
byte-swap 
operation 
using 
an 
equivalent 
set of discrete instructions. 


3.1.3 
Compare 
Integer/Ordinal 
Byte and 
Short Instructions 


The 
compare 
integer/ordinal 
byte 
and 
short 
instructions 
provide 
for the 
comparison 
of 8- and 
l6-bit 
quantities. 
without 
the 
need 
to 
manually 
mask 
upper 
bits. 
The 
operation 
of these instructions 
follows: 
-, 


if 
(src1[N:O] < src2[N:0]) AC.cc 
1002; 
if 
(src1[N:O] == src2[N:0]) AC.cc = 0102; 
if 
(src1[N:0] > src2[N:0]) AC.cc 
= 0012; 


where 
N indicates 
the number 
of least -significant 
bits to 
compare. 
and is either seven or fifteen. 


3.1.4 
Data Cache Control Instruction 
(dcctl) 


The 
data 
cache 
control 
instruction 
performs 
data 
cache 
management 
and control. 
The srcJ 
value 
determines 
the 
operation 
to perform; 
some 
operations 
also use src2 and 
srcldst. This instruction 
eliminates 
the need to provide such 
functionality 
in the sysctl 
instruction. 
thus improving 
its 
performance. 
The operations 
performed 
by this instruction 
are listed in the following 
sections. 


I 
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3.1.4.1 
Function 
Zero - Disable the Data 
Cache (src1 == 0) 


This function 
globally 
disables 
the data cache. Data loads 
and 
stores 
are 
directed 
to external 
memory; 
no 
access 
causes a hit or space to be allocated 
in the cache. The cache 
contents remain unchanged. 


3.1.4.2 
Function 
One - Enable the Data 
Cache (src1 == 1) 


This function 
globally 
enables 
the data cache. 
Data loads 
may hit in the cache. eliminating 
the external 
bus access. 
Data 
stores 
are 
allocated 
to the 
cache. 
and 
written 
to 
external memory 
(write through cache). 


3.1.4.3 
Function Two - Globally 
Invalidate 
the Data Cache (src1 == 2) 


This function invalidates 
the entire data cache. 


3.1.4.4 
Function 
Three - Ensure Coherency 
of the Data Cache with External 
Memory 
(src1 == 3) 


This 
function 
is meant 
to ensure 
that 
the data 
cache 
is 
guaranteed 
to be Coherent 
with external 
memory. 
In this 
case, 
since 
the data cache 
is write-through. 
the cache 
is 
invalidated. 
In this manner. 
any new data allocated 
in the 
cache is coherent 
with external 
memory. 


3.1.4.5 
Function 
Four - Get Data Cache 
Status (src1 == 4) 


This function 
returns 
the status 
of the data cache. 
Status 
returned 
in srcldst follows the format outlined 
in Table 8. 
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Table 8. Format of Data Cache 
Status 


Bits of src/dst 
Meaning 


[01 
Data Cache Enable: 0 = disabled, 
1 = enabled 


[7:4] 
1092 (bytes per atom) 


[11:8] 
1092 (atoms per line) 
- 


[15:12] 
1092 (number of sets) 


[27:16] 
Number of ways minus one 


NOTES: 


1. Total Cache Size = ([27:16] + 1) « ([7:4] + [11:8] + [15:12]) 
2. 
Bits not specified read as zeroes. 


3.1.4.6 
Function Six - Store Data Cache Sets to Memory (sre1 == 6) 


This instruction provides a means to dump the entire data cache, so that its contents may be examined and evaluated. The 
operation performed by this function follows. 


Table 9. 
Function 
Six - Store Data Cache 
Sets to Memory (sre1 == 6) 


memory 
[memadr] 
tags [set] [way]; 
memadr 
+=' 4; 


memory 
[memadr] 
valid_bits 
[set] [way]; 


memadr 
+= 
4; 


for 
(wo,d 
= 
0; 
word 
< DCACHE_WORDS_IN_LINE; 
word++) 
{ 
memory 
[memadr] 
= DCache_Line[set] 
[way] [word]; 
memaar 
+= 
4; 


start 
src/dst[15:0]; 
1* 
starting 
set 
number 
*1 


end 
= src/dst[31:16]; 
I*ending 
set 
number 
*1 


if 
(end 
>= 
DCACHE_MAX_SETS) 
end 
= DCACHE_MAX_SETS 
- 
1; 
if 
(start 
> end) 
GenerateFau1t 
(Operation. 
Inva1idOperand) 
; 


memadr 
= 
src2; 
for 
(set 
= 
start; 
set 
<= 
end; 
set++) 


{ 
. 


memory 
[memadr] 
= 
SetData[set]; 


memadr 
+= 
4; 


for 
(way 
= 
0; way 
< DCACHE:...MAX_WAYS; way++) 


{ 


3.1.5 
lnstructlon 
Cache Control Instruction 
(icctl) 


The instruction cache control instruction performs instruction cache management and control. The srl value determines 
the operation to perform; some operations also use src2 and src/dst, This instruction eliminates the need to provide such 
functionality in the sysctl 
instruction, thus improving its performance. The operations performed by this instruction are 


listed in the following subsections. 


1-638 
I 


intel· 
AP-716 


3.1.5.1 
Function Zero - Disable the 
Instruction 
Cache (sre1 == 0) 
3.1.5.3 
Function Two - Globally Invalidate 
the Instruction 
Cache (sre1 == 2) 


This function globally 
disables the instruction cache. 


Instruction fetches are directed to ex-ternal memory; no. 
fetch causes a hit or space to be allocated in the cache. The 
cache contents remain unchanged. 


This function invalidates the entire instruction cache. 


3.1.5.2 
Function One - Enable the 
Instruction 
Cache (sre1 == 1) 


3.1.5.4 
Function Three - Load and Lock 
Code into the Instruction 
Cache 
(sre1 == 3) 


This 
function globally 
enables 
the instruction cache. 


Instruction fetches may hit in the cache. eliminating the 
external bus access. Instruction fetches that do not hit are 
redirected to external memory, and allocated in the cache. 


This function is used to load and lock instructions into the 
instruction cache. Src2 contains the number of contiguous 
blocks to load; src/dst contains the starting address of code 
to lock. The operation of this function follows: 


Table 10. Function Ttlree· 
Load and Lock Code Into the Instruction 
Cache (src1 == 3) 


way 
= way_associated_with_block(j); 
start 
= src/dst 
+ j * 
block_size; 
end 
= 
start 
+ block_size; 
for 
(i = 
start; 
i 
< 
end; 
i += 
4) 


( 


set 
= 
set_associated_with(i); 


word 
= word_associated_with(i); 
ICache_Line[set) 
[way) [word) 
= memory[i); 


UpdateTagNValidBits(set, 
way, 
word); 


LockICache(set, 
way, 
word); 


for 
(j - 
0; 
j 
< 
src2; 
j++) 


{ 


3.1.5.5 
Function Four - Get Instruction 
Cache Status (sre1 == 4) 


This function returns the status of the data cache. Status returned in src/dst follows the format outlined in Table 11. 


Table 11. Format of InstructIon 
Cache Status 


Bits of src/dst 
Meaning 


[0) 
Instruction Cache Enable: 0 = disabled, 1 = enabled 


[7:4) 
1092 (bytes per atom) 


- 


[1"1:8) 
1092 (atoms per line) 


[15:12) 
1092 (number of sets) 


[27:16) 


- 
Number of ways minus one 


NOTES: 


1. Total Cache Size = ([27:16) + 1) « ([7:4) + [11:8) + [15:12]) 
2. Bits not specified read as zeroes. 
I 
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3.1.5.6 
Function Five - Get Instruction 
Cache Locking Status {src1 == 5) 


This function returns the instruction 
cache locking status. Status returned 
in src/dst follows the format outlined 
in Table 14. 


Table 12. Format of Instruction 
Cache Locking Status 


Bits of src/dst 
, 
Meaning 


[7:0] 
I 
Number of blocks that lock 


[23:8] 
Block size in words 


[31:24] 
Number of locked blocks 
I 
J 


3.1.5.7 
Function Six - Store Instruction 
Cache Sets to Memory (src1 == 6) 


This instruction 
provides 
a means to dump the entire instruction 
cache, so that its contents 
may be examined 
and evaluated. 


The operation 
performed 
by this function follows. 


Table 13. Function Six - Store Instruction 
Cache Sets to Memory (src1 == 6) 


memory [memadr] 
tags[set] [way]; 
memadr 
+= 
4; 
memory [memadr] 
valid_bits 
[set] [way]; 


memadr 
+= 
4; 
for 
(word = 0; word 
< ICACHE_WORDS_IN_LINE; 
word++) 
{ 
memory [memadr] 
= ICache_Line[set] 
[way] [word]; 
mernadr 
+= 
4; 


start 
- src/dst[15:0]; 
1* starting 
set number 
*1 
end 
= src/dst[31:16]; 
I*ending 
set number 
*1 
if 
(end >= ICACHE_MAX_SETS) 
end 
= ICACHE_MAX_SETS 
- 1; 


if 
(start> 
end) 
GenerateFault(Operation.lnvalidOperand); 
memadr 
= src2; 


for 
(set = start; 
set <= end; 
set++) 
{ 
memory [memadr] 
= SetData[set]; 
memadr 
+= 
4; 


for 
(way = 0; way 
< ICACHE_MAX_WAYS; 
way++) 


{ 


3.1.6 
Interrupt Control Instruction 


This instruction 
provides a means of globally enabling 
or disabling interrupts; 
the previous 
state of the interrupt 
controller 
is 
returned. 
The interrupt 
control 
instruction 
may also be used to interrogate 
the state of the interrupt 
controller, 
whether 
enabled 
or disabled. 
The processor 
guarantees 
that the new interrupt 
controller 
state is in effect 
before 
the instruction 
completes. 
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Executing 
trns 
tuncnon 
globally 
enables 
interrupts 
by 


clearing 
the 
global 
interrupt 
enable 
bit 
of the 
Interrupt 
Control 
register 
(ICON.gie 
= 0). 
The 
previous 
state 
of 
ICON.gie 
is returned in bit zero of the src/dst. 


3.1.6.3 
Function Two - Return Interrupt 
Controller 
Status (sre1 = 2) 


By executing 
this function, 
the state of the global interrupt 
enable 
bit of the 'Interrupt 
Control 
register 
(ICON.gie) 
is 
returned 
in bit zero of src/dst. 


3.1.7 
Global Interrupt 
Disable 


This instruction 
provides 
a high-performance 
method 
for 
globally 
disabling 
interrupts. 
Interrupts 
are 
disabled 
by 


setting 
the 
global 
interrupt 
enable 
bit 
in the 
Interrupt 
Control register 
(ICON .gie = I). In timing-critical 
routines, 


this 
instruction 
is 
preferable 
to 
the 
Interrupt 
Control 
instruction 
(Intetl). 


3.1.8 
Global Interrupt 
Enable 


This instruction 
provides 
a high-performance 
method 
for 
globally 
enabling 
interrupts. 
Interrupts 
are 
enabled 
by 
clearing 
the 
global 
interrupt 
enable 
bit in the 
Interrupt 
Control register (ICON .gie = 0). In timing-critical 
routines, 
this 
instruction 
is 
preferable 
to 
the 
Interrupt 
Control 
instruction 
(Intetl). 


3.1.9 
Halt Instruction 


The halt instruction 
provides 
a means f~r the processor 
to 
prepare 
itself 
to receive 
an interrupt, 
and to service 
that 


interrupt 
quickly. 
Once 
the 
halt 
instruction 
executes 
processing 
ceases until an interrupt 
is received 
of sufficient 
priority 
to cause 
an exit 
from 
the halted 
state. 
Such 
an 
I 


bring the processor 
out of the halted state in this case. 


3.1.9.2 
Function 
One - Globally 
Enable 
Interrupts 
(sre1 = 1) 


When this instruction 
executes 
with src I equal to one, the 


global interrupt 
enable bit of the Interrupt 
Control 
register 


is 
cleared 
(ICON.gle 
= 0). 
This 
globally 
enables 
all 


interrupts; 
any interrupt 
of sufficient 
priority 
causes 
the 


processor 
to exit 
halted 
state 
in favor 
of servicing 
the 


interrupt. 


3.1.9.3 
Function 
Two - Halt Without 
Modifying 
the Current 
Interrupt 
State (sre1 = 2) 


When this instruction 
executes 
with srcl 
equal to two, the 


interrupt 
controller 
state remains 
unmodified. 
The global 


interrupt enable state of the processor 
is not affected. 


3.1.10 
Flush Data Cache Contents 
by 
Address 
Instruction 
(d.cflusha) 


If the effective 
address referenced 
by this instruction 
hits in 
the data cache, then steps must be taken to guarantee 
that 


the value cached 
for any part or all of the quad-word 
that 


the address specifies 
must be the same as the values for that 


quad-word 
in external 
memory. 
Since the 80960Hx 
incor- 


porates a write-through 
cache, this instruction 
performs 
the 


same operation 
as the delnva instruction; 
the quad-word 
of 


data in which the address falls is invalidated. 


This 
instruction 
is 
available 
only 
on 
the 
80960Hx 


processor. 
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The 80960Jx and 80960Hx processors also support four 
modes of operation with slightly different behavior; they 
also are modes 0, I, 4, and 6. Again modes 0 and I may be 
used to enable and disable the instruction cache, respec- 
tively. However, modes 4 and 6 differ slightly from the 
80960Cx processor operation. These two modes are used to 
load and lock the instruction cache; the number of blocks 
(ways) to load and lock are indicated by src2. The algorithm 
supports access to memory-mapped control registers, and 
used to load and lock the cache is the same as that outlined 
the breakpoint sharing mechanism. 
. for the instruction cache control instruction (lcctl). 
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3.1.11 
Give Address to Data Cache as Hint 
Instruction 
(dchint) 


This instruction is architecturally specified as either a hint 
to the data cache, or as a no-operation. 


If implemented as a data cache hint, it generates an effective 
address that would be sent to the data cache, indicating that 
data at the specified address is likely to be needed soon. If 
this hint to the data cache results in a fault generation, the 
hint is ignored and no fault is generated. 


This instruction is available only on the 80960Hx processor, 
and is implemented as a no-operation. 


3.1.12 
Data Cache Invalidate 
by Address 
Instruction 
(dcinva) 


The effective address referenced in this instruction is sent to 
the data cache. The cache must guarantee that after 
execution of this instruction, the quad-word of data in 
which this effective address falls is not cached. 


This instruction is available only on the 80960Hx processor. 


3.2 
Extended 
Instructions 


The 80960Jx and 80960Hx processors extend the function- 
ality of the sysctl instruction, as originally supported by 
the 
80960Cx 
processor. This 
additional 
functionality 


3.2.1 
System Control Instruction 
(sysctl) 


The system control (sysctl) 
instruction present on the 
80960Cx processor has expanded functionality on the 
80960Jx and 80960Hx processors. The function that sysctl 
performs is determined from the message type of the 
instruction. The message type' is obtained by logically 
ANDing srcJ with FPOOH,and shifting the results to the 
right by eight bits «srcJ 
& FPOOH)» 8). The various 
functions of the sysctl 
instruction are detailed in the 
following sections. 


3.2.1.1 
Function 
Zero - Post Software 
Interrupt 
(Message 
Type = OOH) 


This function behaves identically to the 80960Cx processor. 
Typically,sysctI is used to request an interrupt in a program. 
The request interrupt message type (OOH)is selected and 
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the interrupt procedure pointer number is specified in the 
least significant byte of the instruction operand. 


3.2.1.2 
Function One - Invalidate 
the 
Instruction 
Cache (Message 
Type = 
01H) 


This function behaves identically to the 80960Cx processor. 


3.2.1.3 
Function 
Two - Configure 
the 
Instruction 
Cache (Message 
Type = 
02H) 


The 80960Cx processor supports four modes of operation: 
modes 0, I, 4, and 6. The mode is determined by logically 
ANDing srcl with FPH (srcJ & FPH). Mode 0 and mode I 
enable and disable the instruction cache, respectively. Mode 
4 may be used to load and lock the entire instruction cache 
(I Kbyte), while mode 6 is used to load and lock only half 
the instruction cache (512 bytes). 


3.2.1.4 
Function Three - Software 
Reinitial- 
ization (Message 
Type 03H) 


This function behaves identically to the 80960Cx processor. 
The 80960Jx and 80960Hx processors guarantee that the 
instruction' and data caches are both invalidated 
and 
disabled before execution resumes. 


3.2.1.5 
Function 
Four - Load One Group of 
Control Registers 
(Message 
Type 
04H) . 


This function is implemented on the 80960Cx processor. 
The 80960Jx and 80960Hx processors do not support this 
function. 
I 
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3.2.1.6 
Function 
Five - Modify One Memory- 
mapped 
Control Register (Message 
Type OSH) 


This 
function 
provides 
a means 
to modify 
a specified 


.memory-mapped 
control register. 
The upper sixteen 
bits of 


srcJ 
(srcJ [31: 16]) contain 
the two low-order 
bytes 
of the 


address 
of the memory-mapped 
register to access. The new 


value 
to write 
is contained 
in src2. 
and src3 
contains 
a 


mask. After the operation 
completes, 
the previous 
value of 


the 
memory-mapped 
register 
is returned 
in src/dst. 
The 


operation 
performed 
by this function follows. 


addr 
: 
(FFOOH 
« 
16) 
I 
(src1 
» 
16); 


temp: 
memory[addr]; 
memory 
[addr] 
: 
(src2 & src/dst) 
I 
(temp 
& 
-src/dst); 
src/dst 
: 
temp; 
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This function is not supported 
on the 80960Cx 
processor. 


3.2.1.7 
Function 
Six - Breakpoint 
Resource 
Request (Message 
Type 06H) 


To properly 
use the hardware 
breakpoint 
resources 
of the 
80960Jx 
and 80960Hx, 
application 
code must first request 


access 
to these resources. 
To do so, the application 
must 
execute this function of the sysctl instruction, 
and use this 


function. 
After completion, 
the value of src/dst indicates 
the 


breakpoint 
resources 
available 
to the application. 
This 
is 


shown 
in Table 
14. For more 
information 
on breakpoint 


resource 
sharing, 
refer to section 
5.0, Breakpoint 
Resource 


Sharing Mechanism. 


Table 14. src/dst 
Field Definitions 
for Breakpoint 
Resource 
Request 


Bits of src/dst 
Description 


[3:0] 
Number 
of available 
instruction 
breakpoint 
registers 


[7:4] 
Number 
of available 
data address 
breakpoint 
registers 


[31:8] 
Read as zeroes 


This function 
is not supported 
on the 80960Cx processor. 


4.0 
Register 
Cache/Stack 
Frames 


The 
80960Cx, 
8096OJx, 
and 
80960Hx 
processors 
each 


implement 
a register cache to store local register sets during 


explicit 
and implicit calls. By definition, 
this memory 
is not 


a cache, 
but 
a FIFO; 
the 
last register 
set stored 
in the 


memory 
is the first to be retrieved. 
The register 
cache 
is 
configured 
from 
the Register 
Cache 
Configuration 
Word 


(RCCW), 
which is read from the PRCB during initialization 


(see section 
2.1.2 Processor 
Control 
Block (PRCB». 
This 


register's 
format 
and 
control 
functions 
of 
vary 
from 


processor 
to 
processor, 
as 
discussed 
in 
the 
following 


sections. 


I 


4.1 
Register Cache Configuration 
on the 


80960Cx 
Processor 


The 
80960Cx 
processor 
provides 
for up to fifteen 
local 


register sets to be stored on-chip. 
If more than five registers 
sets are specified, 
additional 
storage 
space 
is taken 
from 
internal data RAM, starting at the highest available 
location 
and working 
down 
from there. 
For instance, 
if storage 
is 


requested 
for six register 
sets, the register 
cache stores the 


first five, 
and data 
RAM 
locations 
OOOO.03COH through 


0000.03FFH 
are 
used 
to store 
the 
sixth 
set 
(recall 
the 
80960Cx 
provides 
I Kbyte 
of on-chip 
data 
RAM 
located 


from 
addresses 
OOOO.OOOOH·through 
0000.03FFH). 
The 


user code 
initializes 
the least-significant 
four 
bits of the 


RCCW 
with the total number 
of register 
sets to be cached 


on-chip. 
If greater ihan five sets are requested, 
the required 


amount 
of on-chip 
data RAM is used as described 
above. 


The format of the RCCW is shown in Figure 
15. 
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Number of Cached Local Register Sets (0 - 15) 


+ 
I 
I 


it 
'\ 
" 
'., i' I:· 
"' 
," 
"" 


31 
28 
24 
20 
16 
12 
8 
4 
0 
0 
Reserved 


, 
(Initialize to 0) 


Figu~e 15. Register Cache Configuration 
Word (RCCW) for the 80960Cx Processor 


4.2 
Registe'rCacheConfiguration on the 80960JxProcessor 


The 80960Jx 
processor 
provides 
for eight local register 
sets to be stored in the register 
cache. Unlike the 80960Cx 
and 
80960Hx 
processors, 
additional 
register frames cannot be stored in the register cache by consuming 
additional 
on-chip data 
RAM. 


By initializing 
the RCCW, application 
code may reserve, register 
frames 
within the register 
cache for use only by high- 
priority 
interrupts 
(priority 
28 or above). 
This is accomplished 
by programming 
bits 10 through 
8 with the appropriate 
value. Allowed 
values of the programmed 
limit range from 0002 to 1112, Setting 
the value to 1112 reserves 
all register 
frames for high-priority 
interrupts. 
Setting the value to 0002 reserves 
no register frames for high-priority 
interrupts. 


The RCCW 
is initialized 
from the PRCB during 
initialization. 
It is not accessible 
through 
the memory-mapped 
control 
register interface. 
Register 
format is shown in Figure 
16. 


Reserved 
Register Frames for High-priority Interrupts (0 -7)------', 


31 
28 
24 
20 
16 
12 
8 
4 
o 


,n 
Reserved 
l] 
(Initialize to 0) 


Figure 16. Register Cache Configuration 
Word (RCCW) for the 80960Jx Processor 


4.3 
Register CacheConfiguration on·the80960HxProcessor 


The 80960Hx 
processor 
provides 
for up to fifteen local register 
sets to be stored on-chip. If more than five register sets are 
specified; 
additional 
storage space is taken from internal 
data RAM, starting at the highest available 
location 
and working 
down from there. For instance, 
if storage is requested 
for six register 
sets, the register cache stores the first five, and data 
RAM locations 
OOOO.07COHthrough OOOO.07FFH are used to store the sixth set (recall the 80960Hx 
provides 
2 Kbytes of 
on-chip data RAM located from addresses 
OOOO.OOOOHthrough OOOO.07FFH). 


User code initializes 
the least-significant 
four bits of the RCCW with the total number of register sets to be cached on-chip. 
If greater than five sets are requested, 
the required 
amount of on-chip data RAM is used as described 
above. By initializing 
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the RCCW appropriately, application code may reserve 
register frames within the register cache for use only for 
high-priority interrupts (priority 28 or above). This is 
accomplished by programming bits 12 through 8 with the 
appropriate value. Allowed values of the programmed limit 
range from 00002 to 11112, Setting the value to 11112 
reserves all register frames for high-priority interrupts. 
Setting the value toסס002 reserves no register frames for 
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high-priority interrupts. The number of frames reserved for 
high-priority interrupts must be equal to or less than the 
total number offrames available. 


The RCCW is initialized from the PRCB during initial- 
ization. It is not accessible through the memory-mapped 
control register interface. The register format is shown in 
Figure 17. 


Total Number 
of Cached 
Local Register 
Sets (0 - 15) 
I 


Reserved 
Register 
Frames 
for High-priority 
Interrupts 
(0 - 15) 
• 
I 
I 
I 
I 


t 
r' 
, 


31 
28 
24 
20 
16 
12 
8 
4 
0 
0 


Reserved 


(Initialize 
to 0) 


Figure 
17. 
Register 
Cache Configuration 
Word (RCCW) 
for the 80960Hx 
Processor 


5.0 
Breakpoint Resource Sharing 
Mechanism 


The 80960 family of processors provide s,ignificanton-chip 
debugging capabilities, including breakpoint and breakpoint 
control registers. While breakpoint resources included on 
the 80960Cx, 80960Jx, and 80960Hx processors are similar 
in function, the access model is different. Accesses to 
breakpoint 
resources 
on 
the 
80960Jx 
and 
80960Hx 
processors are controlled such that contention between 
application 
code 
(such 
as embedded 
debuggers) and 
hardware developmept tools does not occur. This section 
discusses these differences. 


5.1 
Breakpoint Resources on the 
80960Cx Processor 


The 80960Cx processor provides two instruction address 
(IPBO, IPB\) 
and two data address 
(DABO, DAB\) 
breakpoint registers. In addition, the Breakpoint Control 
(BPCON) register serves to control the data address 
breakpoint registers. The 32-bit IPBx registers contain the 
30-bit address on which to break normal executio.n.Only 30 
] 


bits of address are compared, because instruction addresses 
must be word aligned. The low-order bit of each register 
provides enable/disable control for each register. Execution 
"breaks:' after the instruction executes. The DABx registers 
contain the 32-bit address at which an appropriate data 
access causes the processor to "break" normal execution. 
Data address breakpoints are controlled by the BPCON 
register, and may be configured to break on: 


I. 
stores 


2. 
loads or stores 


3. 
load, store, or instruction fetch. 


4. 
any access 


Application code programs these registers by using the 
"load control register" function of the sysctl instruction. 
The only restriction here is that the processor must be in 
supervisor mode to execute the sysctl instruction. These 
registers are also initialized at reset and software reinitial- 
ization, from values contained in the control table. There is 
no controlled access or sharing mechanism provided with 
the 80960Cx processor: 
. 
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5.2 
Breakpoint 
Resources 
on the 
80960Jx 
Processor 


The 80960Jx processor provides' two instruction address 
(IPBO, IPB!) 
and two data address (DABO, DAB!) 
breakpoint registers. In addition, the Breakpoint Control 
(BPCON) register serves to control the data address 
breakpoint registers. The 32-bit IPBx registers contain the 
30-bit address on which to break normal execution. Only 30 
bits of address are compared, because instruction addresses 
must be word aligned. The low-order bit of each register 
provides enable/disable control for each register. Execution 
"breaks" after the instruction executes. The DABx registers 
contain the 32-bit address at which an appropriate data 
access causes the processor to break normal execution. Data 
address breakpoints are controlled by the BPCON register, 
and may be configured to break under the following 
conditions: 
. 


1. 
stores 


2. 
loads or stores 


3. 
loads 


These registers are accessed through the sysctl instruction, 
or as memory-mapped control registers. 


To avoid contention between hardware development tools 
and application code, the 80960Jx implements a breakpoint 
sharing mechanism. Application code must always first 
request and acquire hardware breakpoint resources before 
any attempt is made'to access them. Hardware development 
tools exercise supervisor control over breakpoint resource 
allocation. 
If 
the 
tool 
retains 
control 
of 
breakpoint 
resources, none are available for application code. If a 
development tool is not 'being used, access privilege to 
access breakpoint resources is granted to the application. 
The development tool may relinquish control of breakpoint 
resources to the application at its discretion. 


If the application attempts to access the breakpoint or 
breakpoint 
control 
(BPCON) 
registers 
without 
first 
acquiring access rights to them, a fault is generated. In this 
case, the breakpoint resource is not modified, whether 
accessed through a sysctl 
instruction or as a memory- 
mapped 
register. 
These 
breakpoint 
registers 
are 
not 


initialized from the control table at reset or .software reini- 
tialization. Instead, they are initialized during the execution 
of the. sysctl 
instruction when access is requested, only 
when the application successfully gains access to these 
registers. 
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For more information on breakpoint resource sharing, refer 
to the i960® Jx Microprocessor 
User's Manual. 


5.3 
Breakpoint 
Resources 
on the 
80960Hx 
Processor 
. 


The 80960Hx processor provides six instruction address 
(IPBO - IPBS) and six data address (DABO - DABS) 
breakpoint registers. In addition, the Breakpoint Control 
(BPCON) and Expanded Breakpoint Control (XBPCON) 
registers serve to control the data address breakpoint 
registers, The 32-bit IPBx registers contain the 30-bit 
address on which to break normal execution. Only 30 bits of 
address are compared, because instruction addresses must 
be word aligned. The low-order bit of each register provides 
enable/disable control for each register. Execution breaks 
after the instruction executes. The DABx registers contain 
the 32-bit address at which an appropriate data access 
causes the processor to break normal execution. Data 
address breakpoints are controlled by the BPCON register, 
and may be configured to break under the following 
conditions: 


1. 
stores 


2. 
loads or stores 


3. 
loads 


These registers are accessed through the sysctl instruction, 
or as memory-mapped control registers. 


To avoid contention between hardware development tools 
and application code, the 80960Hx also implements a 
breakpoint sharing mechanism. Application code must 
always first request and acquire hardware breakpoint 
resources before any attempt is made to access them. 
Hardware development tools exercise supervisor control 
over breakpoint resource allocation. If the tool retains 
control of breakpoint resources, none are available for 
application code. If the tool is not being used, access 
privilege to access breakpoint resources are granted to the 
application. 
It is 
possible 
on 
the 
80960Hx 
for the 


application to obtain legal access to IPBO,IPBI, DABO,and 
DABI, 
and for the remaining breakpoint resources to 


remain under control of the development tool. Like the 
8096OJx, the tool may relinquish control of breakpoint 
resources to the application at its discretion. 


If the application attempts to access the breakpoint or 
breakpoint 
control 
(BPCON) 
registers 
without 
first 
acquiring"access rights to them, a fault is generated, In this 
case, the breakpoint resource is not modified, whether 
I 
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accessed through a sysctl 
instruction or as a memory- 
mapped 
register. 
These 
breakpoint 
registers 
are 
not 
initialized from the control table at reset or software reini- 
tialization. Instead, they are initialized during the execution 
of the sysctl 
instruction when access is requested, only 
when the application successfully gains access to these 
registers. 
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For more information on breakpoint resource sharing, refer to 
the i96rPHx 
Microprocessor 
User's Manual. 


6.0 
Integrated Peripherals 


The integrated peripheral sets available on the 8096OCx, 
80960Jx, and 80960Hx processors are summarized in Table 


15. 


Table 15. 
Integrated 
Peripherals 
on the 80960Cx, 
80960Jx, 
and 80960Hx 
Processors 


Processor 
Peripheral 
80960Cx 
80960Jx 
80960Hx 


Direct Memory Access 
Controller 
Yes 
.No 
No 


Interrupt 
Controller 
Yes 
Yes 
Yes 


Guarded 
Memory 
Unit 
No 
No 
Yes 


Timers 
None 
Two 
Two 


6.1 
Direct Memory Access Control Unit 
on the 80960Cx Processor 


The Direct Memory Access controller on the 80960Cx 
processor provides integrated DMA capability to the appli- 
cation. The DMA controller can manage four independent 
DMA 
channels 
concurrently. 
Each 
channel 
suP.ports 
transfers between any combination of external memory and 
internal data RAM. There are two modes employed to 
accomplish DMA transfers: 


demand mode (synchronous) 


block mode (asynchronous) 


Demand mode transfers typically 
move data between 
external devices and memory. Block mode transfers typically 
move blocks of data within memory. 
\ 


The 80960Cx processor provides a' 13-pin interface to 
manage DMA transfers. These pins include: 


DMA request (DREQx) . 


DMA acknowledge (DACKx) 


End of Process/Terminal Count (EOPxfTCx), and 


DMA Access (DMA) 


The 80960Cx DMA controller provides two means to 
transfer data: standard and fly-by transfers. During standard 


,I 


transfers, multiple bus cycles are generated until the transfer 
is complete. During fly-by, the processor uses idle time on 
the bus to "slip in" a DMA bus cycle. Transfers may occur 
between any combination of 8-, 16-, and 32-bit memories 
using byte, short, word, or quad-word transactions. 


DMA functionality is controlled by programming the DMA 
Command (DMAC) register, and the DMA Control Word. A 
special instruction, the Set Up DMA (sdma) 
instruction is 


also used to configure DMA functionality. 


Programming the DMA controller is not discussed in detail 
in this document. Using the DMA capabilities of the 
80960Cx processor precludes an application from being 
80960Hx-ready. The user must not use DMA functions of 
the 80960Cx processor if the design will be upgraded to the 
80960Hx processor. For more information on the DMA 
controller, refer to the i960® .Cx 
Microprocessor 
User's 


Manual. 
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6.2 
Guarded Memory Unit on the 
80960Hx Processor 


The Guarded Memory Unit (GMU) provides memory 
protection capabilities to the 80960Hx processor. This is 
useful during software development to detect and protect 
against illegal memory accesses. The GMU does not 
degrade execution, or in any way affect correct program 
execution. This peripheral is available only on the 80960Hx 
processor. 


Using the GMU, application code may set up ranges of 
addresses with programmable access privileges. These 
privileges include: user read, user write, user execute, 


intel· 


supervisor read, supervisor write, and supervisor execute. 
The GMU provides two range types: 
protection 
and 
detection 
ranges. Illegal accesses which fall within a 
protected range are prevented from altering memory. The 
processor guarantees that the access does not result in an 
internal cache or data RAM access, or generate an external 
bus cycle. The PROTECTION. BAD~ACCESS fault is also 
generated. An unauthorized access which falls within a 
detection range is allowed to complete, but the same 
protection fault is generated. An example of how the GMU 
might be configured to provide memory protection is given 
in Table 16. 


Table 16. Sample 
Application 
with Restricted 
Memory 
Partitions 


Supervisor 
User 
Execute 
Application 
Memory 
Partition 
Read 
Write 
Read 
Write 
Read 
Write 


Application/User 
RAM 
X 
X 


User Mode Stack 
X 
X 
X 
X 


Interrupt, 
Supervisor, 
Fault Tables 
X 
X 


interrupt 
Stack 
X 
X 


Supervisor 
Stack 
X 
X 


Kernel RAM 
X 
X 


Kernel Code and Application 
Code 
X 
X 


NOTES: 


1. 
An 'X' in a iocation 
indicates 
the access Is allowed. 


The GMU is configured using several control registers: 


GMU Control register (GCR) 


GMU Memory Protect Address register pairs (MPARx, 
MPMRx), and 


GMU 
Memory Violation Detection register 
pairs 
(MDUBx, MULBx) 


Two memory protect address register pairs are provided, 
allowing for a minimum of two protection ranges to be 
selected. More than two protection ranges are possible 
because the protection range address pairs are implemented 
as a base address and mask. An arbitrary number of 
addresses may be aliased by setting the appropriate mask 
bits. A total of six memory violation detection ranges may 
be selected. These register pairs act as true range (upper and 
lower bounds) registers. 


Programming the GMU is not discussed in detail in this 
document. For more information on the GMU, refer to the 
i960® Hx Microprocessor 
User's Manual. 
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6.3 
Interrupt Control Unit 


The 
80960Cx, 
80960Jx, 
and 
80960Hx 
processors 
implement an integrated interrupt controller. The interrupt 
controllers present on the 80960Jx and 80960Hx are 
identical. The 80960Jx and 80960Hx implementations draft 
directly from the 80960Cx. The following sections detail 
differences 
between 
the 
80960Cx 
and 
the 
80960JxI 


80960Hx interrupt controllers. 


6.3.1 
8.0960CxProcessor Interrupt 
Control Unit 


The 80960Cx processor's interrupt controller is configured 
by programming the Interrupt Control (ICON), Interrupt 
Mapping (lMAPO - IMAP2), Interrupt Mask (lMSK),and 
Interrupt Pending (IPND) registers. The formats of these 
registers are given in the following paragraphs. 


I 


_.". '(0) -L;;~;I:i~~' 
A~ti~at~d _ .•. __... 


j 
j 


(1) Falling·edge 
Activated 


Global 
Interrupt 
Enable· 
ICON.gie 
I 


(0) Enabled 
(1) Disabled 


31 
28 
24 
20 
16 
12 
I 
Ir-I 


, 
d 
s 
s 
s 
s 
s 
s 
s 
s 
I' 
, 
. 
m 
v 
m 
m 
g 
d 
d 
d 
d 
d 
d 
d 
d 
i 
i 
a 
s 
c 
a 
a 
I 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
s 
m 
e 
1 
0 
e 
7 
6 
5' 
4 
3 
2 
1 
0 
1 
0 


tI. 


8 
4 
0 


DMA Suspension· 
ICON.dmas 
L-J 


(0) Run on interrupt 
(1) Suspend 
on interrupt 


Sampling 
Mode· 
ICON.sm 


(0) Debounce 


(1) Fast 


Vector 
Cache 
Enable· 
ICON.vce 


(0) .Fetch from external 
memory 
. 


(1) Fetch from internal 
RAM 


Mask Operation 
- ICON.mo 


(00) Move to r3, mask unchanged 
0 


(01) Move to r3 and clear for dedicated 
mode interrupts 
Reserved 
(10) Move to r3. and clear for expanded 
mode interrupts 
(Initialize 
to 0) 
(11) Move to r3 and clear for dedicated 
and expanded 
mode interrupts 


Figure 
18. Interrupt 
Control 
Register 
on the 80960Cx 
Processor 


Note the control bits designated in Figure 18 which are 
Registers 
IMAPO and 
IMAPI 
contain 
mapping 
related to DMA functionality. The 80960Jx and 80960Hx 
information for the external interrupt pins (four bits per 
processors do not support DMA capability, and therefore do 
pin 


not contain these control bits. Programming the ICON 
register is supported through the sysctl instruction on the 
80960Cx processor. 
. 


Register IMAP2 contains mapping information for the 
DMA interrupt inputs (four bits per input) 


6.3.1.2 
Interrupt 
Mapping 
Registers 
(IMAPO- 
The format of these registers is shown in Figure 19. 


IMAP2) 


Interrupt mapping registers are used to program the vector 
number associated with an interrupt source when the source 
is connected to a dedicated-mode input. 
I 
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Extemallnterrupt'o 
Field - IMAPO.XO----..;;;.....;;....--,----------j 
Extemallnterrupt 
1 Field - IMAPO.x1---'--'----------1 
Extemallnterrupt 2 Field - IMAPO.x2---------l 


Extemallnterrupt 3 Field -IMAPO.x3 
~--'+----,.----'--......"r--'---,r_-.:....-.., 


r- 
11 
11 
11 


x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 'x 
x 
x 
3 
3 
3 
3 
2 
2 
2 
2 
1 1 
1 
1 o 0 
0 
0 
7 
6 
5 4 
7 
6 
5 4 
7 6 
5 4 
7 6 
5 4 


31 
28 
24 
20 
16 
12 
8 
4 
0 
Interrupt Map Register 0 (IMAPO) 


Extemallnterrupt 4 Field - IMAP1.x4 
I 


Extemallnterrupt 5 Field - IMAP1.x5 
I 


Extemallnterrupt 6 Field - IMAP1.x6 
l 


Extemallnterrupt 7 Field - IMAP1.x7 


+ 
11 


x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
5 5 4 4 
4 
4 
7 
6 
5 4 
7 
6 
5 4 
7 6 
5 4 
7 
6 
5 4 


31 
28 
24 
20 
Interrupt Map Register 1 (IMAP1) 


ExtemallnterruptOField-IMAP2.dO -----------------j 
Extemallnterrupt 
1 Field - IMAP2.d1-------------1 . 


Extemal Interrupt 2 Field - IMAP2.d2---------1 
Extemallnterrupt 3 Field - IMAP2.d3 ----..,..,. 
+ 
+ 
r-~-~~-~-'I-~-''---~-- 


16 
12 
8 
4 
o 


11 
11 
11 
. 
d 
d 
d 
d 
d d 
d 
d 
d d 
d d 
d 
d d 
d 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 0 
0 0 
0 
7 
6 
5 4 
7 6 
5 4 
7 
6 
5 4 
7 6 
5 4 


31 
28 
24 
20 
Interrupt Map Register 2 (IMAP2) 
16 
12 
8 
4 
·0 
D"Reserved 
(Initialize to 0) 


Figure 
19. 
Interrupt 
Mapping 
Registers 
on the 80960Cx 
Processor 


Note the DMA-related control bits. The 80960Jx and 
80960Hx processors do not support DMA functionality; 
therefore these control bits do not exist. 'The IMAPx 
registers are programmed by using the sysctl instruction. 


servicing of these interrupts. The interrupt pending register 
serves as a means to post dedicated mode interrupts, or 
interrupts from a DMA source. Application code which sets 
a bit in the interrupt pending register precipitates the same 
action that would occur if an external interrupt source 
caused the bit to be set. 


6.3.1.3 
Interrupt 
Mask and Interrupt 
Pending 
Registers 
(IMSK, IPND) 
These registers are accessed as special function registers: 
interrupt pending as sfo, interrupt mask as sf'l. On reset, the 
interrupt mask is cleared (= 0) and interrupt pending 
undefined. Application code is responsible for explicitly 
initializing these registers. Figure 20 shows the format of 
these registers. 


The interrupt mask register provides a mechanism to 
uniquely 
mask dedicated 
mode 
interrupts 
and 
DMA 


interrupt 
sources, 
or 
globally 
mask 
expanded 
mode 


interrupts. In this manner, application software may prevent 
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Extemallnterrupt Pending -IPND.xip-----------------------1 
o = No interrupt 
1 = Pending interrupt 


DMA Interrupt Pending - IPND.dip-----------------l 
o = No interrupt 
1 = Pending interrupt 
, 


11 
, 


d 
d 
d 
d 
x 
x 
x 
x 
x 
x 
x 
x 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


31 
28 
24 
20 
16 
12 
8 
4 
0 


Interrupt Pending Register (IPND) - slO 


Extemal Interrupt Mask - IMSK.xim 
0= Masked 


1 


./ 
1 = Not masked 


DMA Interrupt Mask - IMSK.dim 
0= Masked 
+ 
1 = Not masked 


11 


d 
d 
d 
d 
x 
x 
x 
x 
x 
x 
x 
x 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 


m 
m m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


31 
28 
24 


Interrupt Mask Register (IMSK) - sl1 


20 
16 
12 
8 
4 
0 
O 
Reserved 
(Initialize to 0) 


Figure 20. 
Interrupt 
Pending 
(s1O) and Interrupt 
Mask (5f1) on the 80960Cx 
Processor 


6.3.2 
80960Jxl80960Hx 
Processor 
Interrupt 
Control 
Unit 
6.3.2.1 
Interrupt 
Control 
Register 
(ICON) 


The interrupt 
control 
register 
of the 80960Jx 
and 80960Hx 


The 
80960Jx 
and 
80960Hx 
interrupt 
controllers 
are 
processors 
control 
basic 
functionality 
of 
the 
interrupt 
configured 
by programming 
the Interrupt 
Control 
(ICON), 
controller 
such as inteirupt 
mode, 
signal detection, 
global 
Interrupt 
Mapping 
(IMAPO 
- IMAP2), 
Interrupt 
Mask 
enable/disable, 
mask 
operation, 
interrupt 
vector 
caching, 
(IMSK), 
and 
Interrupt 
Pending 
(IPND) 
registers. 
The 
and sampling 
mode. The format of this register 
is shown in 
formats 
of 
these 
registers 
are 
given 
in 
the 
following 
. Figure 21. 


paragraphs. 


I 
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InterruptMode-ICON.im---------:-------------'------------, 


(00)Dedicated 
(01)Expanded 
(10)Mixed 
(11)Reserved 


11 


SignalDetectionMode-ICON.sdm-----------------------j 
(0)Level-IowActivated 
(1) Falling-edgeActivated 


GlobalInterruptEnable- ICON.gie----.:,--------------1 
(0) Enabled 
. 


(1) Disabled 


I 
III 


I 


" 
. 


.', 


I" 


'.: 


" 
•.... ~, 


'. 
I' 


s 
s 
s 
s 
s 
s 
s 
s 
I 
I 
v 
m 
m 9 
d 
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d 
d 
d 
d 
d 
d 
i 
i 


.; I 
I,' 


s 
c 
0 
0 
I 
m 
m m 
m 
m 
m 
m m 
m 
m 


. 


i 
-.. 
•.... 
m e 
1 
0 
e 
7 
6 
5 
4 
3 
2 
1 
0 
1 
0 


20 
16! 


SamplingMode-ICON.sm-------------- 
(0) Debounce 
(1) Fast 


12L-.J 
8 
4 
31 
28 
24 


VectorCacheEnable-ICON.vce----------..,..---....J 
(0) Fetchfromextemalmemory 
(1) FetchfromintemalRAM 


MaskOperation-ICON.mo------------------' 
(00)Moveto r3, maskunchanged 
(01)Moveto r3 andclearfor dedicatedmodeinterrupts 
(10)Moveto r3 andclearfor expandedmodeinterrupts 
(11)Moveto r3 andclearfor dedicatedand expandedmodeinterrupts' 


Reserved 
(Initializeto 0) 


, Figure 21. Interrupt Control Register (ICON)on the 80960Jx and 80960Hx Processors 


Programming the ICON register is supported through the 
sysctl instruction. The ICON register is also mapped to the 
memory-mapped register space, address FFOO.85IOH, and 
may be accessed as such in supervisor mode. This register is 
also affected by the interrupt control (lntetl), 
interrupt 
disable (Intdls), and interrupt enable (Inten) instructions. 
Refer to section 3.0 New and Extended Instructions, for 
more information. 


6.3.2.2 Interrupt Mapping Registers (IMAPO- 


IMAP2) 


Interrupt mapping registers are used to program the vector 
number associated with an interrupt source when the source 
is connected to a dedicated-mode input, or timer intetrupt. 


Registers 
IMAPO and 
IMAPl 
contain 
mapping 
information for the external interrupt pins (four bits per 
pin) 


register IMAP2 contains mapping information for the 
timer interrupt sources (four bits per input) 


The format of these registers is shown in Figure 22. 
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I 


External 
Interrupt 7 Field - IMAP1.x7 ----------+ 
r--~-,r-~--'r-~--,r_-~-_, 
11 
11 
11 


x 
x 
x 
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x 
x 
x 
x 
x 
x 
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x 
x 
x 
x 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
5 
5 
4 
4 
4 
4 
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6 
5 
4 
7 
6 
5 
4 
7 
6 
5 
4 
7 
6 
5 
4 


31 
28 
24 
20 


Interrupt Map Register 1 (IMAP1) 


Timer Interrupt 0 Field - IMAP2.tO---'----1 
Timer Interrupt 
1 Field - IMAP2.tl 
~ 
t 
rl----~,r--~--~ 


16 
8 
o 
4 
12 


t 
t 
t 
t 
t 
t 
t 
t 
1 
1 
1 
1 
0 
0 
0 
0 
3 
2 
1 
0 
3 
2 
1 
0 


31 
?8 
24 
Interrupt 
Map Register 2 (IMAP2) 
20 
16 
8 o 
Reserved 
(Initialize to 0) 


4 
0 
12 


Figure 22. Interrupt 
Mapping 
Registers 
on the 80960Jx 
and 80960Hx 
Processors 


The IMAPx 
registers 
are programmed 
by using the sysctl 
instruction. 
They may also be accessed 
as memory-mapped 
control 
registers, 
at 
addresses 
FFOO.8520H 
through 
FFOO.8528H, in supervisor-mode 
only. 


6.3_2.3 
Interrupt Maliik and Interrupt 
Pending 
Registers 
(IMSK, IPND) 


The 
interrupt 
mask 
register 
provides 
a 
mechanism 
to 
uniquely 
mask 
dedicated 
mode 
interrupts 
and 
timer 
interrupt 
sources, 
or 
globally 
mask 
expanded 
mode 
interrupts. 
In this manner, application 
software 
may prevent 
the 
servicing 
of these 
interrupts. 
The 
interrupt 
pending 
register serves as a means to post dedicated 
mode interrupts, 
or interrupts 
from a timer source. 
Application 
code which 
sets a bit in the interrupt 
pending 
register 
precipitates 
the 


I 


same action that would occur if an external 
interrupt 
source 


caused the bit to be set. 


These 
registers 
are accessed 
as special 
function 
registers: 
interrupt 
pending as sfO, interrupt 
mask as sfl. Note that the 
80960Jx 
does not support 
special 
function 
registers. 
IMSK 


and 
IPND 
may 
be accessed 
as memory-mapped 
control 
registers, 
at address FFOO.8504H and FFOO.8500H, respec- 
tively. 
To 
access 
these 
memory-mapped 
registers, 
the 


application 
must 
be. operating 
in supervisor 
mode. 
The 


atmod, 
sysctl, 
Id, and st instructions 
may also be used to 


modify these registers, 
again in supervisor-mode 
only. 


On 
reset, 
interrupt 
mask 
is 
cleared 
(=0) 
and 
interrupt 
pending 
is undefined. 
Application 
code 
is responsible 
for 
explicitly 
initializing 
these registers. 
Figure 
23 shows 
the 


format of these registers. 
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Extemallnterrupt Pending -IPNO.XiP----------------------- 
j 


o = No interrupt 
1 = Pending interrupt 


TImer Interrupt Pending -IPNO.tiP--:------------~ 
o = No interrupt 
1 = Pending interrupt 
r-I 


t 
t 
x 
x 
x 
x 
x 
x 
x 
x 
i 
i 
i 
i 
i 
i 
i 
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i 
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P 
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P 
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1 
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6 
5 
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1 
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31 
28 
24 
20 
16 
12 
8 
4 
0 


Interrupt Pending Register (IPNO) - sfO 


Extemallnterrupt 
Mask - IMSK.xim 
I 


0= Masked 
1 = Not masked 


Timer Interrupt Mask - IMSK.tim 


~ 
0= Masked 
1 = Not masked 
r-I 


t 
t 
x 
x 
x 
x 
x 
x 
x 
x 
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i 
i 
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i 
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I· 
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m 
m m 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


31 
16 
12 
8 
4 
28 
24 
20 


Interrupt Mask Register (IMSK) - sf1 
O 
Reserved 
(Initialize to 0) 
NOTE: the 80960Jx processor does not implement special function registers 


Figure 23. Interrupt Pending (sfO)and Interrupt Mask (s11) on the 80960Jx and 80960Hx Processor 


6.3_2.4 Improvements to Interrupt Latency 
the i960@ Jx Microprocessor 
User's Manual or the i96o®Hx 


Microprocessor 
User's 
Manual 
for details. These 32-bit 


timers are useful as system clocks, or for other purposes. 
Each timer may be clocked independently (clock input 
based on CLKIN input). Timers operate in a single-shot 
mode, or auto-reload for continuous tick generation. Each 
timer may independently interrupt the core upon terminal 
count. Timer resources may be configured such that user- 
mode accesses generate a fault. 


The 80960Jx and 80960Hx processors provide the ability to 
reserve local register frames in the on-chip register cache 
for use by interrupts of priority 28 or above. This 
mechanism 
minimizes 
the 
chances 
that 
high-priority 


interrupts result in a spill to external memory, potentially 
increasing interrupt latency. For more information on this 
topic, refer to Section 4.0, Register Cache/Stack Frames. 


6.4 
Timer Unit 
Timer resources are independently controlled by six control 
registers. These registers, along with their memory-mapped 
control register addresses, are listed in Table 17. 
The 
80960Jx 
and 
80960Hx 
processors 
integrate two 


general-purpose timers. Timers and timer controls are 
identical on the 80960Jx and 80960Hx processors. Refer to 
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Table 
17. 
Timer 
Control 
Registers 
on the 
80960Jx 
and 
80960Hx 
Processors 


Name 
Description 
Memory-Mapped 
Address 
(Hex) 


TRRO 
Timer 
Reload 
Register 
0 
FFOO.0300H 


TCRO 
Timer 
Count 
Register 
0 
FFOO.0304H 


TMRO 
Timer 
Mode 
Register 
0 
FFOO.0308H 


TRR1 
Timer 
Reload 
Register 
1 
FFOO.0310H 


TCR1 
Timer 
Count 
Register 
1 
FFOO.0314H 


TMR1 
Timer 
Mode 
Register 
1 
FFOO.0318H 


The timer mode control 
register 
enables/disables 
the timer, 


enables auto-reload, 
provides 
for protection 
from user-mode 
writes to timer resources, 
and controls the input clock to its 
associated 
timer. Timers may be clocked by: 


the bus clock (CL KIN) 


bus clock / 2 


bus clock / 4, or 


bus clock /8 


The timer count register 
contains 
the timer's 
current 
count, 


and 
may 
be 
read 
or 
written. 
The 
timer 
reload 
register 
contains the value to load into the timer count register upon 
reaching 
terminal 
count 
(when 
auto-reload 
mode 
is 
enabled). 


The 
80960Cx 
processor 
does 
not contain 
any integrated 
timers. 


7.0 
Memory-mapped Control Registers 


The 80960Jx 
and 80960Hx 
processors 
implement 
memory- 
mapped 
control registers 
within the architecturally 
reserved 
memory 
locations 
from 
FFOO.OOOOH to 
FFFF.FFFFH. 


Accesses 
to this address 
space never 
cause an external 
bus 
cycle. 
These 
memory-mapped 
control 
registers 
provide 
convenient 
access 
to control 
registers. 
Additionally, 
they 
provide 
visibility 
to internally 
cached 
values, 
such as the 
Processor 
Control 
Block 
(PRCB) 
pointer, 
which 
is not 
architecturally 
visible 
on 
the 
80960Cx. 
The 
80960Cx 
processor 
does not implement 
memory-mapped 
control 
registers. 


Memory-mapped 
control 
registers 
residing 
in 
address 
locations 
FFOO.OOOOHto FFOO.7FFFH 
can be accessed 
in 
user 
or 
supervisor 
mode. 
Those 
located 
in 
addresses 
I 


FFOO.8000H to FFFF.FFFFH 
are accessible 
via supervisor 
mode only. When using load (Id) and store (st) instructions, 
application 
code must access memory-mapped 
registers as 


aligned words only. Unaligned 
and/or non-word 
accesses 
to 
these registers, 
or user mode accesses 
made to supervisor- 
only registers 
generate 
a fault. The sysctl 
instruction 
may 


also be used to atomically 
modify memory-mapped 
control 
registers. 
In addition, 
the atmod 
instruction 
may be used to 


atomically 
modify 
the 
Interrupt 
Pending 
(IPND) 
and 
Interrupt 
Mask (IMSK) registers. 


Memory-mapped 
control 
register 
addresses 
are detailed 
in 
Section 
8.0, 
Memory-mapped 
Control 
Register 
Address 


Space. 


7.1 
Special Function Registers and 
Memory-mapped Counterparts 


The 80960Cx 
and 80960Hx 
processors 
implement 
special 
function 
registers 
(SFRs) to provide control over integrated 
peripherals. 
SFRs 
may be accessed 
by most REG 
format 
instructions. 
With 
the 
exception 
of 
the 
Cache 
Control 
Register, 
all of the 80960Hx 
SFRs are also accessible 
as 


memory-mapped 
control 
registers. 
The 
80960Jx 
does not 
implement 
special 
function 
registers. 


7.1.1 
Special Function Registers on the 
80960Cx Processor 


The 80960Cx 
processor 
implements 
three special 
function 
registers: 


Interrupt 
Pending 
(stD) 


Interrupt 
Mask (sfl ), and 


DMA Command 
(sf2) 
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The formats of the Interrupt 
Pending 
and Interrupt 
Mask registers 
for the 80960Cx 
processor 
are shown in Section 6.3.1, 
80960Cx 
Processor 
Interrupt 
Control 
Unit. DMA functionality 
is present 
only on the 80960Cx 
processor, 
and the DMA 


. Command 
register 
as such is present 
only on the 80960Cx 
processor. 
The upper two bits (bits 30 and 31) of the DMA 
Command 
register 
control the data cache (CF processor 
only). For more information 
on DMA support, refer to the i960® 


ex Microprocessor 
User's Manual. 


7.1.2 
Special Function Registers on the 80960Hx Processor 


The 80960Hx 
processor 
implements 
five special function 
registers. 
With the exception 
of the data cache control register 
(sf2), 
these 
registers 
\!fe also 
accessible 
as memory-mapped 
control 
registers. 
These 
registers, 
with their 
associated 
memory-mapped 
locations 
are listed in Table 18. 


Table.18. 
Special 
Function 
Registers 
of the 80960Hx 
Processor 


Name 
Mnemonic 
Special 
Function 
Memory-mapped 
Register 
Address 


Interrupt 
Pending 
Register 
IPND 
sto 
FFOO.8500H 


Interrupt 
Mask Register 
IMSK 
st1 
FFOO.8504H 


Data Cache Control 
Register 
0 
st2 
NA 


Interrupt 
Control 
Register 
INTCON 
st3 . 
FFOO.8510H 


GMU Control 
Register 
st4 
FFOO.8000H 


These registers 
may be accessed 
by application 
code as either 
special 
function 
or memory-mapped 
registers. 
However, 


these registers 
must not be accessed 
as both special function 
and memory-mapped 
registers 
within a short period of time 
(less than 64 core cycles). Doing so results in unpredictable 
behavior. 


The 
formats 
of the 
interrupt 
pending, 
interrupt 
mask, 
and 
interrupt 
control 
registers 
are 
shown 
in Section 
6.3.2, 
80960Jx/S0960Hx 
Processor 
Interrupt 
Control 
Unit. The format of the GMU Control 
Register 
is shown in Section 
6.2, 


Guarded 
Memory 
Unit on the S0960Hx Processor, 
illustrates 
the format ~f the Data Cache Control Register. 
11'D". 
Cache invalidate 
0= 
Do not Perform 
Data Cache 
Invalidation 
1 = Perform 
Data Cache 
Invalidation 
I 
Data Cache 
Global 
Enable 
o = Data Cache 
Enabled 
. 


1 = Data Cache 
Disabled 


31 
28 
24 
20 
16 
12 
8 
4 
0 
0 


Special 
Function 
Register: 
sf2 


Reserved 


(Initialize 
to 0) 
. 


Figure 
24. 
80960Hx 
Processor 
Data Cache 
Control 
Register 
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The Data Cache Control register may be accessed as a 
special function register, or by use of the Data Cache 
Control instruction (dcctl). Regardless of how the register 
is accessed, bit 30 always properly reflects the state of the 
data cache: a zero if enabled and one if disabled. Writing a 
one to bit 31 causes the data cache to invalidate. Note that 
since the cache is write-through, it does not get flushed. 
When the invalidation process is complete, hardware 
automatically clears bit 31. 


8.0 
Memory-mapped Control Register 
Address Spac~ 


The memory-mapped control registers for the 80960Jx and 
80960Hx microprocessors are shown in Table 19. Memory- 
mapped registers are not implemented on the 80960Cx 
processor..Accesses to this address space never causes an 
external bus cycle. . 


Table 19. 
Memory-mapped 
Control 
Registers 
(Sheet 
1 of 5) 
. 


Address 
Processor 


(Hex) 
Description 
Access 
Rights 
Jx 
Hx 


FFOO.0300H 
Timer 
Reload 
Register 
0 (TRRO) 
S/U, RIW 
X 
X 


FFOO.0304H 
Timer Count Register 
0 (TCRO) 
S/U, RIW 
X 
X 


FFOO.0308H 
Timer 
Mode Register 
0 (TMRO) 
S/U, RIW 
X 
X 


FFOO.030CH 
Reserved 


FFOO.031OH 
Timer 
Reload 
Register 
1 (TRR1) 
S/U, RIW 
X 
X 


FFOO.0314H 
Timer Count Register 
1 (TCR1) 
S/U, RIW 
X 
X 


FFOO.0318H 
Timer Mode Register 
1 (TMR1) 
S/U, RIW 
X 
X 


FFOO.031CH 
to 
Reserved 
FFOO.7FFFH 
( 


FFOO.8000H 
GMU Control 
Register 
(GMCR, 
sf4) 
- 
S,RIW 
X 


FFOO.8004H 
Reserved 
• 


FFOO.8008H 
Reserved 
i 


FFOO.8010H 
Memory 
Protection 
Address 
0 (MPARO) 
S,RIW 
. 
X 


FFOO.8014H 
Memory 
Protection 
Mask 0 (MPMRO) 
,. 
S, RIW 
X 


FFOO.8018H 
Memory 
Protection 
Address 
1 (MPAR1) 
S,RIW 
X 


FFOO.801CH 
Memory 
Protection 
Mask t (MPMR1)' 
S, RIW 
X 


FFOO.8020H 
to 
Reserved 
FFOO.807FH 
/ 


FFOO.8080H 
Memory 
Detect 
Upper Bounds 
0 (MDUBO) 
S,RIW 
X 


FFOO.8084H 
Memory 
Detect Lower Bounds 
0 (MDLBO) 
S,RIW 
,. 
X 


FFOO.8088H 
Memory 
Detect Upper 
Bounds 
1 (MDUB1) 
S,RIW 
X 


FFOO.808CH 
Memory 
Detect Lower Bounds 
1 (MDLB1) 
S,RIW 
X 


FFOO.8090H 
Memory 
Detect Upper Bounds 
2 (MDUB2) 
S,RIW 
X 


FFOO.8094H 
Memory 
Detect Lower 
Bounds 2 (MDLB2) 
S,RIW 
X 


FFOO.8098H 
Memory 
Detect 
Upper Bounds 
3 (MDUB3) 
S,RIW 
X 
I 
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Table 
19. 
Memory-mapped 
Control 
Registers 
(Sheet 2 of 5) 


Address 
Processor 
Description 
Access 
Rights 
(Hex) 
Jx 
Hx 


FFOO.809CH 
Memory 
Detect Lower Bounds 3 (MDLB3) 
S,RIW 
X 


FFOO.80AOH 
MemorY Detect Upper Bounds 
4 (MDUB4) 
S,RIW 
X 


FFOO.80A4H 
Memory 
Detect Lower Bounds 4 (MDLB4) 
S,RIW 
X 


FFOO.80A8H 
Memory 
Detect-Upper 
Bounds 
5 (MDUB5) 
S,RIW 
X 


FFOO.80ACH 
Memory 
Detect Lower Bounds 
5 (MDLB5) 
S,RIW 
X 


FFOO.80BOH 
to 
Reserved 
FFOO.80FFH 
.. 


FFOO.80E8H 


; 
\ 


to 
GMU Testability 
Registers 
X 


FFOO.80FFH 


FFOO.8100H 
Default Logical 
Memory 
Configuration 
Register 
S,RIW 
X 
-X 
(DLMCON) 


FFOO.8104H 
Reserved 


FFOO.8108H 
Logical 
Memory 
Address 
Register 
0 (LMARO) 
S,RIW 
X 
X 


FFOO.810CH 
Logical 
Memory 
Mask Register 
0 (LMMRO) 
S,RIW 
X 
X 


FFOO.8110H 
Logical 
Memory 
Address 
Register 
1 (LMAR1) 
S,RIW 
X 
X 


FFOO.8114H 
Logical 
Memory 
Mask Register 
1 (LMMR~) 
S,RIW 
X 
X 


FFOO.8118H 
Logical 
Memory 
Address 
Register 
2 (LMAR2) 
S,RIW 
X 


FFOO.811CH 
Logical 
Memory .Mask Register 
2 (LMMR2) 
S,RIW 
X 


FFOO.8120H 
Logical 
Memory 
Address 
Register 
3 (LMAR3) 
S,RIW 
X 


FFOO.8124H 
Logical 
Memory 
Mask Register 
3 (LMMR3) 
S,RIW 
X 


FFOO.8128H 
Logical 
Memory Address 
Register 
4 (LMAR4) 
S,RIW 
X 


FFOO.812CH 
Logical 
Memory 
Mask Register 
4 (LMMR4) 
S,RIW 
X 


FFOO.8130H 
Logical 
Memory 
Address 
Register 
5 (LMAR5) 
S,RIW 
X 


FFOO.8134H 
Logical 
Memory 
Mask Register 
5 (LMMR5) 
S, RIW 
X 


FFOO.8138H 
Logical 
Memory 
Address 
Register 
6 (LMAR6) 
S,RIW 
X 


FFOO.813CH 
Logical Memory 
Mask Register 
6 (t.MMR6) 
S,RIW 
X 


FFOO.8140H 
Logical 
Memory 
Address 
Register 
7 (LMAR7) 
S,RIW 
X 


FFOO.8144H 
Logical 
Memory 
Mask Register 
7 (LMMR7) 
S,RIW 
X 


FFOO.8148H 
Logical 
Memory 
Address 
Register 
8 (LMAR8) 
S,RIW 
X 


FFOO.814CH 
Logical 
Memory 
Mask Register 
8 (LMMR8) 
S,RIW 
X 


FFOO.8150H 
Logical 
Memory 
Address 
Register 
9 (LMAR9) 
S,RIW 
X 


FFOO.8154H 
Logical 
Memory 
Mask Register 
9 (LMMR9) 
S,RIW 
X 


FFOO.8158H 
Logical 
Memory 
Address 
Register 
10 (LMAR10) 
S, RIW 
X 
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Table 
19. 
Memory-mapped 
Control 
Registers 
(Sheet 3 ot 5) 


Address 
Processor 


(Hex) 
Description 
Access 
Rights 
Jx 
Hx 


FFOO.B15CH 
Logical 
Memory 
Mask Register 
10 (LMMR10) 
S,RIW 
X 


FFOO.B160H 
Logical 
Memory 
Address 
Register 
11 (LMAR11) 
S,RIW 
X 


FFOO.B164H 
Logical 
Memory 
Mask Register 
11 (LMMR11) 
S,R/W 
X 


FFOO.B16BH 
Logical 
Memory 
Address 
Register 
12 (LMAR12) 
S,R/W 
X 


FFOO.B16CH 
Logical 
Memory 
Mask Register 
12 (LMMR12) 
S,R/W 
X 


FFOO.B170H 
Logical 
Memory 
Address 
Register 
13 (LMAR13) 
S,R/W 
X 


FFOO.B174H 
Logical 
Memory 
Mask Register 
13 (LMMR13) 
S,R/W 
X 


FFOO.B1"7BH 
Logical 
Memory 
Address 
Register 
14 (LMAR14) 
S,R/W 
X 


FFOO.B17CH 
Logical Memory 
Mask Register 
14 (LMMR14) 
S,R/W 
X 


FFOO.B1BOH 
to 
Reserved 
FFOO,B3FFH 


FFOO.B400H 
Instruction 
Address 
Breakpoint 
0 (IPBO) 
S, Sys, WwG 
X 
X 


FFOO.B404H 
Instruction 
address 
Breakpoint 
1 (IPB1) 
S, Sys, WwG 
X 
X 


FFOO.B40BH 
Instruction 
Address 
Breakpoint 
2 (IPB2) 
S, Sys, WwG 
X 


FFOO.B40CH 
Instruction 
address 
Breakpointa 
(IPB3) 
.- 
S,Sys, 
WwG 
X 
1 


FFOO.B410H 
Instruction 
Address 
Breakpoint 
4 (IPB4) 
S, Sys, WwG 
X 


FFOO.B414H 
Instruction 
address 
Breakpoint 
5 (IPB5) 
S, Sys, WwG 
X 


FFOO.B41BH 
to 
Reserved 
FFOO.B41FH 


FFOO.B420H 
Data Address 
Breakpoint 
0 (DABO) 
S, RIW, WwG 
X 
X 


FFOO.B424H 
Data Address 
Breakpoint 
1 (DAB1) 
S, R/W, WwG 
X 
X 


FFOO.B42BH 
Data Address 
Breakpoint 
2 (DAB2) 
S, R/W, WwG 
X 


FFOO.B42CH 
Data Address 
Breakpoint 
3 (DAB3) 
S, R/W, WwG 
X 


FFOO.B430H 
Data Address 
Breakpoint 
4 (DAB4) 
S, R/W, WwG 
X 


FFOO.B434H 
Data Address 
Breakpoint 
5 (DABS) 


\ 
S, R/W, WwG 
X 


FFOO.B43BH 
to 
Reserved 
FFOO.B43FH 


FFOO.B440H 
Breakpoint 
Control 
(BPCON) 
S, R/W, WwG 
X 
X 


FFOO.B444H 
Expanded 
Breakpoint 
Control 
(XBPCON) 
S, R/W, WwG 
X 


FFOO.B44BH 
to 
Reserved 
FFOO.84FFH 


FFOO.8500H 
Interrupt 
Pending 
(IPND, stO) 
S, R/W, AtMod 
X 
X 


I 
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Table 
19. 
Memory-mapped 
Control 
Registers 
(Sheet 4 of 5) 


Address 
Processor 


(Hex) 
Description 
Access 
Rights 
Jx 
Hx 


FFOO.8504H 
Interrupt 
Mask (IMSK, sf1) 
S, RIW, AtMod 
X 
X 


FFOO.8508H 
to 
Reserved 
FFOO.850FH 


FFOO.8510H 
Interrupt 
Control 
(ICON, sf3) 
S,RIW 
X 
X 


FFOO.8514H 
to 
Reserved 
FFOO.851FH 
c 


FFOO.8520H 
Interrupt 
Map 0 (IMAPO) 
S, RIW 
X 
X 


FFOO.8524H 
Interrupt 
Map 1 (IMAP1) 
S,RIW 
X 
X 


FFOO.8528H 
Interrupt 
Map 2 (IMAP2) 
S,RIW 
X 
X 


FFOO.852CH 
to 
Reserved 
FF0085FFH 


80960Jx: 
Physical 
Memory 
Control 
Region 0:1 


FFOO.8600H 
(PMCONO:1) 
S,R!W 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 0 
(PMCONO) 


FFOO.8604H 
Physical 
Memory 
Control 
Region 
1 (PMCON1) 
S,RIW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 2:3 


FFOO.8608H 
(PMCON2:3) 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 2 
(PMCON2) 


FFOO.860CH 
Physical 
Memory 
Control 
Region 3 (PMCON3) 
S,RIW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 4:5 


FFOO.861OH 
(PMCON4:5) 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 4 
(PMCON4) 


FFOO.8614H 
Physical 
Memory 
Control 
Region 5 (PMCON5) 
S,RIW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 
6:7 


FFOO.8618H 
(PMCON6:7) 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 6 
(PMCON6) 


FFOO.861CH 
Physical 
Memory 
Control 
Region 7 (PMCON7) 
S,RIW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 8:9 


FFOO.8620H 
(PMCON8:9) 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 8 
(PMCON8) 


FFOO.8624H 
Physical 
Memory 
Control 
Region 9 (PMCON9) 
S,RIW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 
10:11 


FFOO.8628H 
(PMCON10:11) 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 
10 
(PMCON10) 
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Table 
19. 
Memory-mapped 
Control 
Registers 
(Sheet 5 of 5) 


Address 
Processor 


(Hex) 
Description 
Access 
Rights 
Jx 
Hx 


FFOO.862CH . 
Physical 
Memory 
Control 
Region 
11 (PMCON11) 
S,RfW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 
12:13 


FFOO.~630H 
(PMCON12:13) 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 
12 
(PMCON12) 


FFOO.8634H 
Physical 
Memory 
Control Region 
13 (PMCON13) 
S,RIW 
X 


80960Jx: 
Physical 
Memory 
Control 
Region 
14: 15 


FFOO.8638H 
(PMCON14:15) 
I' 
S,RIW 
X 
X 
80960Hx: 
Physical 
Memory 
Control 
Region 
14 
(PMCON14) 


FFOO.863CH 
Physical 
Memory 
Control 
Region 
15 (PMCON15) 
S,RIW 
X 


FFOO.8640H 
to 
Reserved 
FFOO.86FBH 


FFOO.86FCH 
Bus Configuration 
Control 
(BCON) 
S,RIW 
X 
X 


FFOO.8700H 
Processor 
Control 
Block Pointer (PRCBptr) 
S,RO 
X 
X 


FFOO.8704H 
Interrupt 
Stack Pointer (ISP) 
S,RIW 
X 
X 


FFOO.8708H 
Supervisor 
Stack Pointer (SSP) 
S, RIW 
X 
X 


FFOO.870CH 
Reserved 


FFOO.8710H 
Device Identification 
(DEVICEID) 
RO 
X 
X 


FFOO.8714H 
to 
Reserved 
FFFF.FFFFH 
\ 


NOTES: 


1. 
AtMod: 
Register 
can be updated 
quickly through the atmod 
instruction. 
RO: Read only. 
RJw: Register 
readable 
or writable. 
S: Supervisor 
access 
only. 


Spcl: Special 
Intel only test register. 
S/U: Supervisor 
or User access allowed, 
may be configured 
to be supervisor 
only. 
Sys: Modifiable 
using the sysctl 
instruction. 
WwG: Writing 
or modifying 
(with st or sysctl) 
the register only allowed 
when 
access has been granted.' 


Register 
locations 
which are not implemented 
are specifically 
reserved 
by Intel. Any locations 
not specifically 
defined 
are reserved 
by Intel. 


Note that access 
to the instruction 
and data address 
breakpoint 
registers 
requires 
that the processor 
grant permission 
to 
access these registers. 
This is discussed 
in further detail in Section 5.0, Breakpoint 
Resource 
Sharing Mechanism. 


I 


1-661 


AP-716 
intet 


9.0 
80960Hxl80960Cx 
Pin Compatibility 


Like the 80960Cx, 
the 80960Hx 
is available 
in the 168-lead 
PGA package. 
However, 
the 80960Hx 
is not 100% pin- 
compatible 
with the 80960Cx. 
This is largely due to the lack of Direct Memory Access (DMA) capability 
on the 80960Hx. 


On the 80960Cx, 
DMA capability 
consumed 
thirteen pins. The 80960Hx 
incorporates 
enhanced 
bus control functions 
and 
JT AG; pins required to support these features replace the DMA pins present on the 80960Cx. 
In this manner, it is possible 


to design a board that accepts the 80960Cx 
processor 
now, and the 80960Hx 
in the future. Pin diagrams 
for the 168-lead 


PGA package are illustrated 
in Figure 25 and Figure 26. See Application 
Note 506, Designing for 80960Cx 
and 80960Hx 


Compatibility 
for more details. 
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Figure 25. PGA Pinout Diagram for the 80960Cx Processor 
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PGA Plnout 
Diagram 
for the 80960Hx 
Processor 


The 80960Jx incorporates' 
a multiplexed 
address and data bus. Therefore. 
pin compatibility 
with the 80960Cx 
or 80960Hx 


is not required 
or relevant. 
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10.0 
Conclusion 


In conclusion, 
this document 
describes 
three implementa- 
tions of the i960® architecture: 
the 80960Cx, 
80960Jx, 
and 
80960Hx 
microprocessors. 
. 


During 
the 80960Jx 
and 80960Hx 
definition 
process, 
every 


attempt 
was made to maintain 
backward 
compatibility 
with 
the 80960Cx 
processor. 
To a large extent, this compatibility 
is maintained; 
most 
application 
code 
will 
run 
on each 
processor 
without modificatiori. 
Due to enhancements 
to the 
bus 
interface, 
instruction 
set, 
and 
other 
refinements, 
complete 
compatibility 
was not maintained. 
In summary, 
this document 
discusses 
in detail these differences 
between 
the 80960Cx, 
80960Jx, and 80960Hx 
microprocessors. 


11.0 
RelatedInformation 


This 
appnote 
contains 
condensed 
information 
from 
the 
i960® Cx Microprocessor 
User's Manual, Application 
Note 
506, Designing 
for 
80960Cx 
and 80960Hx 
Compatibility, 
the i960® Jx Microprocessor 
User's Manual, 
and the i960® 
Hx Microprocessor 
User's Manual. The reader should refer 
to these 
documents 
for 
more 
detailed 
information. 
The 
following 
table shows these document's 
order numbers: 
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intel· 


Document 
Name 
Order # 


i960(8)Cx Microprocessor 
User's Manual 
270710 


i960(8)Jx Microprocessor 
User's Manual 
272483 


i960(8)Hx Microprocessor 
User's Manual 
272484 


~pplication Note 506-Designing 
for 
272556 
80960Cx and 80960Hx Compatibility 


To receive 
these 
documents 
or. any 
other 
available 
Intel 
literature, 
contact: 


Intel Corporation 
Literature 
Sales 
r.o. Box 7641 
Mt. Prospect 
IL 60056-7641 
1-800-879-4683 
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1.0 
INTRODUCTION 


This application 
note describes 
the interface between Intel's 
i960® JAlJF/JD 
microprocessors 
(referred 
to herein 
as the 
"i960 
Jx processor") 
and NEC's 
IlPD98401® 
Local ATM 
Segmentation 
And Reassembly 
(SAR) Chip, with 2 Mbytes 


of DRAM 
available 
to the i960 Jx processor. 
The interface 
provides 
for single and burst reads/writes 
to the DRAM and 


single reads and writes to the SAR chip, using the i960 Jx 
processor 
configured 
with 
a 32-bit 
bus: The interface 
is 
controlled 
by a DRAM controller 
and a SAR controller. 


The DRAM interface 
features include: 


32 bit wide bus, allowing 
16 and 8 bit accesses 


Two-way 
interleaving 


72 pin, 
60 ns, 
256 Kbyte 
x 32 bit 
Fast 
Page 
Mode 
DRAMSIMMs 


1-0-0-0 wait state burst reads at 25 MHz 


1-1-1-1 wait state burst writes at 25 MHz 


The IlPD98401 
SAR chip interface 
features 
three wait state 
32 bit reads and writes. 


This 
document 
discusses 
DRAM 
controller 
theory 
with 
interleaving, 
and a basic slave read/write 
controller 
to the 
SAR. 
It 
also 
describes 
the 
supporting 
state 
machines, 
timing 
diagrams, 
and PLD equations. 
The IlPD98401 
can 
operate 
as 
a master 
device, 
which 
allows' 
it access 
to 
DRAM. However, 
when the SAR is a master device, it can 
only request 
and obtain the i960 Jx processor 
bus, through 
the use of the processor's 
bus arbitration 
facilities. 
In this 
case, upon receiving 
HOLD 
from the SAR controller, 
the 
processor 
asserts 
HOLDA 
and 
three-states 
its 
signals, 
which grants bus control to the SAR. 


1.1 
Design Goals 


The goal of this document 
is to provide 
a design 
aid for 
interfacing 
an i960 
Jx processor 
to an NEC 
IlPD98401 
ATM SAR Chip. The application 
note defines 
an interface 
that 
was 
developed 
and tested 
on a i960 
Jx processor- 
compliant 
platform, 
and 
can 
be 
plugged 
into 
a 
PCI 
expansion 
slot. 


The platform 
used is the Intel Cyclone 
i960® Micropro- 


cessor PCI-SDK 
Evaluation 
Platform 
(referred 
to herein as 
the "PCI-SDK"), 
with an ATM Squall module and a i960 Jx 
processor 
CPU module. 
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Benefits of using the PCI-SDK 
include: 


The 
PCI-SDK 
plugs 
directly 
into 
a 
DOS-based 


system's 
PCI slot. 


While 
the user is working 
on their 
hardware 
design, 


code (software) 
for the design 
can be written 
concur- 


rently, which saves development 
time. 


The 
design 
can 
be 
implemented 
on 
the 
PCI-SDK 
through a Squall module, which enhances 
testability. 


1.2 
Overview 


The 
PCI-SDK 
consists 
of a base 
board 
with 
connectors 


which 
accept 
"modules" 
(daughter 
'boards) 
for 
a CPU 
module 
and 
a Squall 
module. 
Many 
CPU 
and 
Squall 
modules 
are 
available; 
refer 
to Section 
6.0, 
RELATED 


INFORMA nON 
(pg. 6-20) for access to additional 
product 
information. 


The CPU modules are interchangeable 
daughter 
boards 


for Intel's family of i960 processors. 


The 
Squall 
modules 
are 
interchangeable 
daughter 


boards. Users can use these to design 
custom 
applica- 


tions, or use one of PCI-SDK's 
existing 
modules, 
such 


as an Ethernet Squall 11* module. 


The PCI-SDK 
base board features include: 


Two SIMM sockets which. support 
2, 8, or 32 Mbytes 


of DRAM 
' 
' 


One Flash ROM socket 


Three 
16-bit counter/timers 
or one 32-bit and one 16- 
bit counter 


DIP 
switch-selectable 
CPU 
clock 
frequency, 
for 


operation 
from 16 MHz to 50 MHz 


DRAM 
controller 
which automatically 
optimizes 
wait 
states to CPU frequency 
and memory speed 


One RS-232 serial port 


One Centronics 
compatible 
parallel download 
port 


PCI Bus Interface 


The configuration 
used for development 
of this application 


note is: 


CPU Module: 
i960 Jx processor 


CPU Bus 
25 MHz 
Frequency: 


DRAM: 
2 banks of SIMMs: 
60 ns, 2 Mbyte 


Squall Module: 
NEe ~PD98401 '" - based ATM 
module 
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address cycle can be followed by up to four data cycles. 


The 
DRAM 
SIMM 
has four CAS 
lines, 
one for each 
of 
eight (nine) bits in a 32-bit (36-bit) SIMM module. The four 
CAS 
lines 
control 
the writing 
to individual 
bytes 
within 
each SIMM. 


1.4 
DRAM Refresh 


To maintain 
their data, the DRAM must be refreshed 
every 
16 J.1s.This is achieved 
by a 6-bit refresh counter embedded 


in the DRAM 
controller, 
driven 
by a 4 MHz "clock. The 
4 MHz clock is created by dividing 
a 16 MHz clock in half, 


twice. This corresponds 
to a refresh every 64 cycles of the 
4 MHz clock, 
or approximately 
400 cycles of the 25 MHz 
clock. 
The 
type 
refresh 
used 
is CAS 
before 
RAS 
(CAS 


signal asserted 
before the RAS signal) (or specified 
lengths 
of time. 
Both banks 
of DRAM 
are refreshed 
at the same 


time. 


1.5 
Burst Capabilities for a 32-bit Bus 


The i960 Jx processor 
can access up to four data words per 
request. 
A request starts when the processor 
asserts ADS in 
the 
address 
cycle 
and 
ends 
when 
the 
processor 
asserts 
BLAST 
in the last data cycle. 
Figure 
I shows ADS 
and 
BLAST 
timings for a quad-word 
write request. 
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Figure 
1. Quad-Word 
Write Request 
with 2,1,1,1 
Wait State Profile 


The processor's 
burst capabilities 
on a 32-bit bus include: 


Quad-word 
and triple-word 
requests start on quad-word 
boundaries 
(A3 = 0, A2 = 0). 


Double-word 
requests 
start on double-word 
boundaries 


(A3 = X, A2 = 0). 


Single-word 
requests 
can start on any word boundary 


(A3 = X, A2 = X). 


Any request 
starting 
on an odd word boundary 
never 
bursts (A3 = X, A2 = I). 


1.6 
Ba.n·kInterleaving 


Bank 
interleaving 
allows 
the 
second, 
third 
and 
fourth 


accesses of a burst read to occur in zero wait states. The first 
data access must still "pay" the entire access penalty. 
Inter- 
leaving significantly 
improves 
memory system performance 


by overlapping 
accesses to consecutive 
addresses. 
Two-way 


interleaving 
is accomplished 
by dividing 
the memory 
into 


two 32-bit banks (also referred to as "leaves"): 


one bank for even word addresses 
(A2=0) 


one bank for odd word addresses 
(A2=1) 


The two banks are read in parallel 
and the data from the two 


banks is multiplexed 
into the processor's 
data bus. Multi- 


plexing 
is implemented 
via 
CASAx 
and 
CASBx. 
CAS 
signals, 
in addition 
to being the Column 
Address 
Strobes, 


are also output enable signals for the DRAM. 


Figure 2 shows DRAM with a 2-1-1-1 quad word burst read 
wait state profile interleaved 
to generate 
a 2-0-0-0 wait state 


system. 


I 


L: 
--: 
-- 


A = Address 
W = Wait 
D = Data 


Figure 
2. Two-Way 
Interleaving 


1.7 
i960 Jx Processor Address Mapping 


Figure 3 portrays the memory map for the i960]X processor 
to SAR interface. 
The DRAM 
beginning 
location 
is set at 
AOOOOOOOHand 
the 
SAR 
beginning 
location 
is set 
at 
COOOOOOOH.When 
configuring 
the 
processor's 
memory 
regions 
using 
the 
PMCON 
registers,' 
make 
sure 
regions 
PMCON10_ll 
and PMCONI2_l3 
are set for 32 bit wide 


'bus accesses. 


OOOOOOOOH 


AOOOOOOOH 
DRAM 


COOOOOOOH 
SAR 


FOOOOOOOH 
;960<8> Jx Processor 
BOOT ROM 


Figure 3. 
80960Jx 
Interface 
Memory 
Map 
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AV9l55-0l 
feeds 
the 25 MHz clock into a CY7BB99l-7 
with 
an 
internal 
PLL. 
Also, 
the 
AV9l55-0l 
directly 
generates 
the 16 MHz clock that is later divided 
down to 4 
MHz, used for DRAM refresh generation. 


Clock 
distribution 
is 
performed 
by 
the. CY7BB991-7. 
Seperate 
output clocks from this device are distributed 
back 
to the CPU module, 
Squall II Module, 
and on-board 
logic. 


This 
device 
guarantees 
a 
maximum 
skew 
of 
±250 ps 


between 
outputs, 
and 
±500 ps 
between 
the 
inputs 
and 
outputs. 
Therefore, 
all clocks on the board are within ± Ins, 
making 
the design 
work 
very straightforward. 
All clock 


signals are terminated 
with 22 ohm series resistors. 


2.2 
System Address Latches 


The 
i960 
Jx processor 
has a multiplexed 
bus; 
therefore, 
address 
latches are needed to demultiplex 
the bus for use in 


accessing 
the 
DRAM. 
The 
latches, 
shown 
in Figure 
5, 
capture 
the upper 
28 address 
bits of the bus during 
the 
processor's 
address 
cycle, then holds them until the access 
is over. ALE provides 
the signal for latching, 
and HOLDA 


controls 
the output enables of the latches. 
HOLDA 
isolates 
the address latches from the system bus when the SAR uses 
the bus as a master 
device. 
As a master 
device, 
the SAR 
requests 
the bus with HOLD; 
the processor 
grants the bus 


with HOLDA. 
When 
HOLDA 
is high, the outputs 
to the 
latches are three-stated. 
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Figure 4. 
i96(JiDJx Processor 
to DRAM I NEe ",PD98401 
SAR Bus Interface 
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RAS lines and read/write 
signals directly 
to the DRAM 


address 
bits to each DRAM 
bank that increments 
the 
column address 


logic to control the address path to the DRAM 


The 20V8 PAL, with direction 
from the FPGA, provides 
all 
the necessary 
logic 
to generate 
the 
CAS 
signals 
for the 
DRAM. 


2.3.2 
Address Flow Logic 


Figure 5. 
System 
Address 
Latches 


2.3 
DRAM Controller 


The DRAM controller 
can be separated 
into four sections: 


control 
logic, 
address 
flow 
logic, 
data 
flow 
logic, 
and 
DRAM controller 
state machines 
and signals. See Figure 4. 


2.3.1 
Control Logic 


Figure 6 shows the D~AM 
address flow logic. The address 
flow logic to the DRAM 
is controlled 
by three 74ABT24l 
octal buffers, configured 
as a 12-input, two-line 
to one-line 
multiplexer. 
The MUX 
select 
signal, 
which 
controls 
the 
multiplexing 
function, 
is supplied 
by the FPGA. The multi- 
plexers 
divide 
the latched 
address 
bus into two addresses: 


the row address 
consisting 
of the latched 
address' 
higher 
order bits, and the column 
address consisting 
of the latched 
address' 
lower order bits. 


Both row and column 
addresses 
are transferred 
to DRAM 
via the MMA[ I0: I] address 
bus. MAOa connects 
to AO of 
the bank A DRAM, 
MAOb connects 
to AO of the bank B 
DRAM. 
The control 
logic is implemented 
using an EPX780 
FPGA 
and a 20V8 PAL. The FPGA, 
the main component 
of the 
DRAM controller, 
supplies: 


LA[24:4) 
LA[24, 22, 11 :4) 
•.. 


lA 
~ 
Column Address 
MMA[10:l) 
•.. 


LA[23, 21,19:12,20) 
•.. 
2A 
Row Address 
MAOb 
~ 


MUX 
MAOa 
lOEl20E 


l 


LA[31 :28,3:2) 
••. 
MAOb 
.. 


MAOa 
. 


EPX 780 


Figure 6. 
DRAM Address 
Flow Log'ic 
I 
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2.3.4 
State Machines and Signals 


Figure 
7 shows 
the DRAM 
control 
state machine 
for the 
PCI-SDK; 
Figure 
8 
shows 
a 
simplified 
version. 
The 
simplified 
version is the result of choosing 
the configuration 
discussed 
in 
Section 
1.2, Overview 
(pg. 
I-I). 
For 
this 
configuration, 
the CPU module Frequency 
Switches 
are set 
to 25 MHz (Positions 
1.-4 should 
be OFF, OFF, ON, ON. 
This maps 
to a logic 
1,1,0,0. 
Refer jo Cyclone 
documen- 
tation for definitions). 


The PD3 pin output from the DRAM SIMM, when sampled 
high, 
indicates 
60 ns DRAM. 
With 
these 
frequency 
and 
speed settings, the signal PFO is set high and all the other PF 
signals 
are 
reset 
low. 
The 
PCI-SDK 
does 
not 
use 
the 
EXTEND 
signal; it is tied high. 


The state machine 
has' two major paths: a refresh 
path and 
an access 
path. The refresh 
path is taken when the refresh 
counter 
indicates 
a refresh 
is needed. 
The access 
path is 
taken when the processor 
initiates 
an access to the address 
range dedicated 
to the DRAM. 


When a conflict occurs between an access and a refresh, 
the 
refresh 
has priority 
and proceeds; 
a memory 
pending 
bit is 
set. 
When 
refresh 
completes, 
the 
memory 
pending 
bit 
causes 
the access 
to complete. 
The 
same 
process 
occurs 
when an access is in progress 
and a request 
for a refresh 
is 
received. 
A refresh 
pending 
bit is set which 
causes 
the 
refresh to complete 
when the access completes. 


The 
DRAM 
state 
machine 
is 
developed 
with 
Intel's 
PLDshell 
Plus®. Appendix 
A, PLDshell 
FILES contains 
the 
code which implement 
the DRAM controller. 


The 
state 
machine 
transitions 
described 
here 
use 
the 
following 
PLDshell 
conventions 
for logic operators. 
For all 
the following, 
refer to Figure 8. 
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from the processor 
and equations 
from within the controller. 


Its outputs 
are the RAS 
and REF 
signals, 
both are active 
low. The RAS signals directly drive the RAS inputs of both 
banks 
and 
are used 
to latch 
the row 
addresses 
into 
the 
DRAM. 
Two 
identical 
RAS 
signals 
distribute 
the 
load 
between 
the 
two 
banks. 
REF 
provides 
a 
bit 
to 
the 
REFPEND 
state machine, 
indicating 
a refresh 
has begun. 


This resets the REFPEND 
signal, so it can be set the next 
time a.refresh is required. 


The other output functions 
of the DRAM controller 
depend 
upon which 
state the DRAM 
control 
state machine 
is in. 
The 
following 
are the signals 
that 
make 
up the DRAM 
controller. 


2.3.4.2 
SELDRAM Signal 


The 
active 
high 
SELDRAM 
signal 
is decoded 
from 
the 
latched 
address 
bits LA[31 :28]. When 
these 
address 
bits 
equal Al6 during the processor's 
address cycle, SELDRAM 
is asserted 
indicating 
an access 
to the 
DRAM 
memory 
region. 


2.3.4.3 
REFPEND Signal 


The active low REFPEND 
signal is asserted 
when a refresh 
is requested, 
either during the idle state or a DRAM access. 


Its main 
function 
is to .keep 
track 
of when 
a refresh 
is 
required, 
so the controller 
will not skip the refresh 
if it is 
requested 
during an access. It is also the bit that causes the 
refresh 
to complete 
first, when in conflict 
with an access. 
Since the refresh counter runs at 4 MHz, and the REFPEND 
signal 
runs on the 25 MHz, the 
counter 
output 
and the 
REFPEND 
signal 
must be synchronized. 
The signal 
used 
for synchronization 
is the REFSYNC 
(see Table 
A-I 
in 
Appendix 
A) signal embedded 
in the controller. 


I 
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T 


L 


A 
ADS 


B 
lADS 
*Seldram *(PFl 
ClADS 
*Seldram* PFO 


+ IMEMPEND * PFO 
D 
UNCONDITIONAL 
E 
'/W_R* (PF2 + PF3) 
F 
W_R * (PF2 + PF3) 
+PFl 
+PFO 
G 
UNCONDITIONAL 
H 
BLAST*/W_R *PFO 
+ BLAST*/W_R *PFl 
+ 
IEX,TEND 
*IW_R 
I 
BLAST* IW_R *PF3 
+ BLAST*/W_R*PF2 
+ BLAST*W_R 


J = 
IBLAST*PFO 
K = IBLAST*PF3*/W_R 
+ IBLAST *PFl 
+ IBLAST *PF2 
L 
IBLAST *PF3*W_R 
M 
UNCONDITIONAL 
N 
UNCONDITIONAL 
o 
IREFPEND 
P 
UNCONDITIONAL 
Q 
UNCONDITIONAL 
R 
UNCONDITIONAL 
S 
UNCONDITIONAL 
T 
UNCONDITIONAL 


Figure 7. 
DRAM Control 
State ,Machine 
I 
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2.3.4.4 


H 


c 


A 
= 
ADS 
H 
/REFPEND 


B 
= 
/ADS*SELDRAM 
I 
UNCONDITIONAL 


+ 
/MEMPEND 
J 
UNCONDITIONAL 
C 
UNCONDITONAL 
K 
UNCONDITIONAL 
D 
UNCONDITIONAL 
L 
UNCONDITIONAL 
E 
BLAST*/W_R 
*PFO 
M 
UNCONDITIONAL 
F 
BLAST*W_R 
N 
UNCONDITIONAL 
G 
/BLAST*PFO 


MEMPEND Signal 


Figure 8. 
Simplified 
DRAM State Machine 


2.3.4.5 
MUXSignal 


The MUX signal, clocked by the falling edge of the 25 MHz 
clock, controls 
whether a row or column address 
is input to 


DRAM. 
It is actually 
a RAS signal delayed 
by a half clock 
cycle. 
The 
delay 
allows 
enough 
row 
address 
hold 
time 


(tRAH) which DRAM requires. 
When MUX is 'high, the row 
address 
to DRAM 
is valid; when MUX is low, the column 
address is valid. 


The active low MEMPEND 
signal function is similar to the 
REFPEND 
signal, 
except it keeps track of an access when 


the controller 
is performing 
a refresh. 
It is asserted when an 
access is requested 
either during the idle state or a refresh. 
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2.3.4.6 
CASEN Signal 


The active 
low CASEN 
signal provides 
an 'Output enable 
signal to the CAS state machines, 
located in the PAL20V8. 


Its 
function 
is 
determined 
by 
which 
state 
th'e DRAM 


.Control state machine is in: 


sO: asserted 
during 
an address 
cycle in which 
'One er 
mere are true: 


access is to the DRAM memory region 


a refresh is net pending 


an access is pending 


s2 and s3: CASEN 
is asserted 
when 
the access 
is a 
read. 
(Remember 
that PFO is asserted, 
indicating 
the 
system is operating 
at 25 MHz with 60 ns DRAM.) 


s4: 
asserted 
during 
a 
burst 
read 
er 
write 
access 
EXCEPT 
fer the last access 'Ofthe burst. 


2.3.4.7 
INCBANK 
and BANKSEL 
Signals 


The active low BANKSEL 
signal determines 
which bank 
will have its CAS lines driven: 


When low, selects bank A 


When high, selects bank B 


The active low INCBANK 
signal, 
in conjunction 
with the 
BANKSEL 
signal, 
creates 
wait 
states 
by controlling 
the 
CAS lines. When asserted 
low at the end 'Ofa clock cycle, 
the CAS' lines are asserted, 
thereby 
selecting 
each bank. 
The INCBANK 
signal 'Operates based upon which state the 
DRAM Control state machine 
is in. 


sO: asserted 
during 
an address 
cycle, in which 'One er 
mere are true: 


access is to the DRAM memory region 


a refresh is net pending 


an access is pending 


s2: asserted 
if the access is a burst read, EXCEPT 
fer 
the last access 'Ofthe burst. 


s4: 
asserted 
during 
a 
burst 
read 
er 
write 
access, 
EXCEPT 
fer the last access 'Ofthe burst. 


2.3.4.8 
CASA[3:0] 
and CASB[3:0] 
Signals 


The active 
low CASA 'and CASB 
signals 
connect 
to the 
CAS pins 'OfDRAM 
banks A and B respectively. 
They are 
enabled 
by 
the 
CASEN 
and 
BANKSEL 
signals. 
With 
BANKSEL 
low bank A is selected, 
with BANKSEL 
high 
I 
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bank B is selected. 
These 
signals 
serve two purposes: 
to 
latch the column 
addresses 
inte the DRAM, 
and to provide 
chip selects fer each bank. CASA3 and CASB3 enables the 
most significant 
byte, and CASAO and CASBO enable 
least 
significant 
byte. The byte enables, 
BE[3:0] 
control 
which 
byte(s) 
te be transferred 
within 
each bank, allowing 
8 and 
16 bit wide 
data 
transfers. 
BE[3:0] 
controls 
bytes 
3-0 
respectively. 


2.3.4.-9 
MAOB and MAOA Signals 


MAOB and MAOA are the least significant 
column 
address 
bits that increment 
the address 
te DRAM 
banks 
B and A 
respectively, 
during a burst access. They are decoded 
from 
address 
bits 
A3 
and 
A2 
'Of the 
processor's 
bus, 
which 
increment 
during a burst. 
. 


2.3.4.10 
RDYEN Signal 


The active low RDYEN signal enables the three-state 
buffer 
that controls 
the READY 
signal. Since the system has two 
controllers 
en 
it, 
i.e. 
a DRAM 
controller 
and 
a SAR 
controller, 
the READY 
signal 'Ofthe DRAM controller 
has 
te 
be 
three-stated 
when 
the 
SAR 
controller 
drives 
its 
READY 
signal. This prevents 
contention 
between 
the two 
ready signals. 
The RDYEN 
signal 
is asserted 
based 
upon 
which 
state 
the DRAM 
control 
state 
machine 
is in. It's 
asserted 
during 
states 
sO, s2, 
s3 
and 
s4, 
regardless 
if 
READY is asserted 
er net. 


2.3.4.11 
READY Signal 


The 
active 
low 
READY 
signal 
is 
connected 
te 
the 
RDYRCV 
pin 'Ofthe processor. 
It indicates 
te the processor 
. 


that data can be transferred, 
and that the address 
can be 
incremented 
if the access 
is a burst. 
It is asserted 
based 
upen which state the DRAM. control 
state machine 
is in. It 
is asserted unconditionally 
in states s2 and s3. It is asserted 
in s4 if the access is a burst read, provided 
it's net the last 
access 'Ofthe burst. 


2.3.4.12 
OWE Signal 


The active low DWE signal indicates 
te the DRAM that the 
access is a write, provided 
the controller 
is net in refresh. 


The write enable signal 'Ofthe DRAM's 
must be held high 
during refresh. 
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2.4 
SAR slave controller 


The 
SAR slave 
controller 
controls 
access 
to the SAR in 
slave mode. 
Reading 
and writing 
the SAR in slave mode 
accesses 
32 bit registers 
that initialize 
and control the SAR. 


Referring 
to Figure 4, the SAR slave controller 
is discussed 
in 4 sections: 
control 
logic, address 
flow logic, data flow 
logic, 
and 
the 
SAR 
slave 
controller 
state 
machines 
and 
signals. 


2.4.1 
Control Logic 


The control 
logic is implemented 
using the EPX780 
FPGA 
and 
a MACH210 
PLD. 
The 
FPGA 
decodes 
the 
SAR's 
address 
space, and provides 
the select signal to the SAR's 
access state machine. 
The MACH2I0 
PLD provides 
all the 
logic that makes up the SAR controller, 
which controls 
the 
sequencing 
of the SAR itself, 
and the signals 
that control 
the SAR's address and data transceivers. 


2.4.2 
Address 
Flow Logic 


Figure 9 shows the SAR Address 
Buffers. 
The address 
for 
the SAR is controlled 
by two 74ABTl6601 
universal 
bus 
transceivers. 
The AOEABn 
control 
signal, output 
from the 
SAR controller, 
enables 
the latched 
address 
bits onto the 
multiplexed 
AD bus of the SAR. When inactive, 
the outputs 
of the transceivers 
are three-stated, 
allowing 
data 
to be 
driven on the data bus without being in contention 
with the 
address bus. 


2.4.3 
Data Flow Logic 


Figure 9 shows the SAR Data Buffers. The data for the SAR 
is controlled 
by two 
74ABTl660 
I universal 
bus 
trans- 
ceivers. The DOEABn 
control signal, output from the SAR 
controller, 
enables 
the data onto the muitiplexed 
AD bus of 
the SAR, when the SAR is being written 
to. The DOEBAn 
control 
signal, output from the SAR controller, 
enables 
the 
data onto the AD bus of the processor, 
when the SAR is 
being read. When either control signal is inactive, 
both sides 
A and B of the data buffers 
are three-stated, 
allowing 
the 
bus to be used for other functions. 
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Address 
Suffers 


LA[31:21 
_ 
•••••••• 
~A 


FROM 
80960Jx 


AD[31:0] 
BI+-••••~ ••. 


+5V 


TOSAR 


+5V 


Data Suffers 
AD[31:0]"--~A 
BI~-_· 
FROM/TO 


80960Jx 


+5V 


FROM 
SAR 
CONTROLLER 
FROM 
SAR 
CONTROLLER 


2 x 74ABT16601 


Figure 9. 
SAR Address 
and Data Buffers 


2.4.4 
State Machine and Signals 


The SAR slave controller 
consists 
of the SAR access state 


machine, 
and several 
equations 
that implement 
the control 


signals. The SAR controller 
resides in the·MACH21O 
PLD. 


The SAR controller 
is written 
in MACHXL. 
Appendix 
B, 


PLD EQUATIONS 
contain 
the code which implement 
the 


SAR 
controller. 
The 
state 
machine 
transitions 
described 


here follow the MACH XL conventions 
for logic operators. 


I 
Represents 
Soolean 
NOT 
. 
Represents 
Soolean 
AND 


+ 
Represents 
Soolean 
OR 


{} 
Represents 
Substitution 
(OUT1 =A ·S·C, 
OUT2=A ·S·C·O 
or OUT2={OUT1} 
·0) 


I 
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2.4.4.1 
SELC Signal 


The active 
high SELC signal is decoded 
from the latched 
address 
bits LA[31:28). 
When these address 
bits equal CI6 
during 
the 
processor's 
address 
cycle, 
SELC 
is asserted 
indicating 
an access to the SAR memory region. 


2.4.4.2 
SELSQO Signal 


SELSQO 
is the select 
signal 
(standing 
for Select 
Squall 
module, 
remembering 
that 
the 
SAR 
is 
on 
the' squall 
module) 
which 
initiates 
the SAR 
Access 
State 
Machine 
when SELC is asserted. 


2.4.4.3 
SAR Access State Machine 


Shown 
in Figure 
10 is the SAR acces~' state machine. 
It is 
initiated 
when the SELSQO select signal from the FPGA is 
asserted, 
due to a request 
issued 
to the SAR's 
memory 
region. 


The. 
state 
of 
the 
control 
signals 
implemented 
in 
the 
controller, 
depend upon which state the state machine 
is in: 
The 
following 
are 
the 
signals 
that 
make 
up 
the 
SAR 
controller. 


A 
SELSQn 


B 
C 


D 
UNCONDITIONAL 


E 
UNCONDITIONAL 


Figure 
10. 
80960Jx 
to SAR Access 
State Machine 


2.4.4.4 
.READYn Signal 


The READYn 
signal is asserted 
on the rising 
edge of the 
clock, 
at the 
end 
of state 
sB of the 
SAR 
access 
state 
machine. 
At the end of state sC, READYn 
signals 
to the 
processor 
the termination 
of a data transfer. 
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2.4.4.5 
READYpinn 
Signal 


The READYpinn 
signal is connected 
to the RDYRCV 
pin 
of the processor. 
It can be three-stated 
and is driven 
by 
READYn. 
It must be three-stated 
when an access other than 
a SAR 
access 
occurs. 
The 
READYpinn 
signal 
is paired 
with the READYn 
signal, indicated 
by the brackets 
around 
READYn 
on the right 
side of the READYpinn 
equation. 


(see 
the 
MACHXL 
PLD 
file 
of 
Appendix 
B). 
Pairing 
connects 
a node signal like READYn, 
to an output 
signal 
like READYpinn. 


2.4.4.6 
RDYENn Signal 


RDYENn controls the three-state 
buffer that three-states 
the 
READYpinn 
signal. 
It 
is 
asserted 
when 
SELSQO 
is 
asserted. 


2.4.4.7, 
SARSELn 
Signal 


The 
SARSELn 
signal 
selects 
the SAR, 
enabling 
it to be 
accessed in slave mode, 


2.4.4.8 
SARASELn.5ignal 


The 
SARASELn 
signal 
indicates 
to, the 
SAR 
that 
an 
address is on its AD bus, On the first rising clock edge after 
SARASELn 
goes active, the SAR latches 
the address 
onto 
its AD bus for use during an access. 


2.4.4.9 
SARSWRn 
Signal 


The SARSWRn 
signal determines 
the direction 
of the slave 
access. 
I=read, Oewrite. 


2.4.4.10 
AOEABn 
Signal 


The 
AOEABn 
signal 
enables' the B output 
of the SAR's 
address 
buffers, 
directing 
the flow of the latched 
address 
from the PCI-SDK, 
onto the AD bus of the SAR. 


2.4.4.11 
DOEABn 
Signal 


The DOEABn 
signal enables 
the flow of data through 
the 
data buffers from A to B, to the AD bus of the SAR during 
a write. 
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2.4.4.12 
DOEBAn'Signal 


The DOEBAn 
signal enables 
the flow of data through 
the 
data buffers 
from B to A, to the AD bus of the processor 


during a read. 


3.0 
DRAM CONTROLLER 
ACCESS 
FLOW 


This 
section 
explains 
how 
the 
DRAM 
controller 
is 


sequenced 
while 
reading, 
writing 
and 
refreshing 
the 
DRAM. Examples 
discussed 
are: 


single word read access 


quad word read access 


single word write access 


quad word write access 


refresh 


For the following 
accesses, 
refer to Figure 8. All accesses to 


the DRAM are with the i960 Jx processor 
con figured with a 


32 bit bus. 


3.1 
Single Word Read and Write Access 


Figure 
I I shows a single word read timing diagram. 
In state 


sO of the read when an access 
has begun, 
the address 
bits 


.from the processor 
are latched, 
and held latched throughout 


the access. The MUX signal stays deasserted, 
selecting. the 


row address 
via the multiplexer. 
On the clock edge at the 


end of state sO, the DRAM control state machine transitions 
to state s2. In the beginning 
of state s2, the BLAST 
signal, 
MEMPEND 
bit, INCBANK 
signal, 
and all the RAS lines 


are asserted. BCAS'f 
asserting 
at this time indicates 
a single 


access, 
MEMPEND 
indicates 
an 
access 
is 
pending, 


INCBANK 
indicates 
the next state is a data state, while the 


RAS lines load the row address into all the DRAM's. 
In the 


middle of s2 the MUX signal is asserted on the falling edge 
of CLKI, 
selecting 
the column address. 


At the end of state s2, the state machine 
unconditionally 


transitions 
to state s4. In s4, READY 
is asserted 
and the 
CAS 
lines 
for bank 
A are 
asserted, 
based 
on the 
byte 


enables. 
Asserting 
of the CAS lines enables 
data from the 
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DRAM's 
onto the AD bus, making 
state s4 the data state 


(T tHY. On the clock 
edge 
at the end of state 
s4, data 
is 


captured 
by 
the 
processor 
due 
to 
sampling 
READY 


asserted. 
It is at this point that data put on the AD bus from 


the DRAM, must meet the set-up (tisl) and hold (tihl) times 
of the 
processor. 
At the time 
READY 
is sampled 
low, 


BLAST 
is 
sampled 
low, 
causing 
the 
state 
machine 
to 


transition 
to state sO, completing 
the access and deasserting 


the MEMPEND 
bit. 


Figure 
I I shows a: single word write timing diagram. 
This 


access 
sequences 
in the same manner 
as the single 
word 


read access did, up until the first data state. 


In state 
sO of the write 
when 
an access 
has begun, 
the 


address bits from the processor 
are latched, and held latched 


throughout 
the access. 
The MUX signal stays deasserted, 


selecting 
the row address 
via the multiplexer. 
On the clock 


edge at the end of state sO, the DRAM control state machine 
transitions 
to state s2, due to the processor 
access. 
In the 


beginning 
of state s2, the BLAST 
signal, 
MEMPEND 
bit, 


INCBANK 
signal, 
and 
all 
the 
RAS 
lines 
are 
asserted. 


BLAST 
asserting 
at this time-indicates 
a single 
access, 


MEMPEND 
indicates 
an access 
is pending, 
INCBANK 
indicates 
the next state is a data state, while the RAS lines 


load the row address into all the DRAM's. 
Also during state 


s2, data is driven on the AD bus, where it waits to be written 
into the DRAM's. 
In the middle 
of s2 the MUX 
signal 
is 


asserted 
on the falling edge of CLK I, selecting 
the column 
address. 


At the end of state s2, the state machine 
unconditionally 


transitions 
to state s4. In s4, READY 
is asserted 
and the 


CAS 
lines 
for bank 
A are 
asserted, 
based 
on 
the 
byte 


enables. 
Asserting 
the 
CAS 
lines 
writes 
data 
into 
the 


DRAM's 
from 
the AD bus, making 
state s4 the data state 
(TdO). It is at this point that data on the AD bus must meet 
the set-up (tds) and hold (t.!h) times of the DRAM's. 
In this 


design, tdh is most critical, and is met by holding the data on 
the AD bus until the end of state s4. On the clock edge at the 
end of state s4, READY 
and BLAST 
are sampled 
asserted, 
causing 
the state 
machine 
to transition 
back 
to state 
sO, 


completing 
the access and deasserting 
the MEMPEND 
bit. 
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Figure 
11. 
80960Jx 
to DRAM 1 Wait State Single Word Read and Write Timing 
Diagram 
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LA::; signals activate, 
thereby 
controtnng 
which tear ot the 


DRAM 
data 
is 
transferred 
from. 
The 
toggling 
of 


BANKSEL 
causes CASA and CASB to acjivate alternately, 
with CASA 
enabling 
bank A first.' As CASA 
and CASB 
alternate, 
bits MAOA and MAOB increment, 
providing 
two 


separate 
addresses, 
two for each bank. This is evident 
by 


observing 
Figure 
12, which shows that bit "a" of MAO[b:'lI] 
toggles from 0 in data state TdOto I in data state Td2. This is 
also 
true 
with 
bit "b", 
during 
data 
states 
Tdl 
and Td3. 


During 
these 
data 
states 
the MUX 
signal 
stays 
asserted, 


only allowing the CAS address to be changed. 


3.3 
.Quad Word Write Access 


Figure 
13 shows 
a quad word write timing 
diagram. 
The 
quad word write access 
begins 
exactly 
the same way that 
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incremented, 
preparing 
for the next data state. If at the end 


of s3 CASEN 
and INCBANK 
are asserted, 
the CAS lines 


are asserted 
and address 
bits MAO[b:a] 
are held constant 


until 
the end of the data state. 
The incrementing 
of bits 


MAOA and MAOB provide two separate 
addresses, 
two for 
each bank. This is evident 
by observing 
Figure 
13, which 
shows that bit "a" of MAO[b:a] toggles 
from 0 in data state 


TdO to I in data state Td2. This is also true with bit "b", 


during data states Tdl and Td3· 


If the READY 
and BLAST 
signals are sampled 
asserted on 


the rising clock edge at the end of state s4, the state machine 
transitions 
back to state sO, where 
the access 
is complete. 


During 
these 
data 
states 
the 
MUX 
signal 
stays 
asserted, 


only allowing the CAS address to be changed. 
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Figure 12, 80960Jx 
to DRAM 1,0,0,0 Quad Word Read Timing 
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Figure 13. 80960Jx 
to DRAM 1,1,1,1 Quad Word Write Timing 
Diagram 
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3.4 
CAS before RAS Refresh 


Figure 
14 shows a refresh cycle timing diagram. 
As soon as 
the PCI-SDK 
powers up, the refresh counter starts counting., 


and cannot 
be stopped 
by RESET. 
The counter 
is a free- 
running 
divide-by-64 
counter, 
running 
on a 4 MHz clock. 
Its output switches 
high every 64 cycles of the 4 MHz clock, 
giving a 16 IlS interval for requesting 
refresh. 


On the next 
25 MHz 
clock 
edge 
after 
the output 
of the 
counter 
switches 
high, 
the 
REFSYNC 
signal 
is asserted, 
causing 
the REFCLK 
and REFCLKD 
signals 
to sequence 
as shown in Figure 14. When REFCLK 
is sampled high and 
REFCLKD 
is sampled 
low on the clock edge, REFPEND 
is 
asserted. 
When REFPEND 
is detected 
low on the next clock 
edge, 
the 
DRAM 
control 
state 
machine 
enters 
state 
s6 
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where refresh begins. At the beginning 
of s6, REF is sserted 
and stays asserted 
through 
state s 10. On the clock edge at 
the end of s6, REF indicates to the REFPEND 
state machine 
that the DRAM 
refresh 
is goin~ 
to be satisfied, 
causing 
REFPEND 
to be deasserted. 


The REF signal serves another purpose. 
It enables 
the CAS 
state machines 
during refresh, 
allowing 
the CAS signals to 
be driven. 
In states s8-s 10, the RAS signals 
are asserted, 


giving 
a CAS before 
RAS refresh, 
since the CAS signals' 


were asserted back in states6. 


After 
the 
state 
machine 
transitions 
out 
of 
state 
s IO 
completing 
the refresh, 
it passes 
through 
states s5 and sO, 
where 
the 
required 
RAS 
precharge 
takes 
place 
before 
another access can begin 
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4.0 
SAR SLAVE ACCESS FLOW 


Figure 14. 
CAS-Before-RAS 
Refresh 
Cycle 


This section describes 
how the SAR controller 
is sequenced 
during a single word read and write access. 


All accesses 
to the SAR 
are with the i960 1x processor 
configured 
with a 32 bit bus. 


4.1 
Single Word Read and Write Access 


Figure 
15 shows 
the 
Single 
Word 
Read 
Access 
Timing 
Diagram. 
The single word access begins with the processor 
making 
a request 
to the SAR address 
space. The address 
is 
latched 
and decoded, 
asserting 
the SELSQO select 
signal. 


On the first rising clock edge that SELSQO is low, the SAR 
access 
state 
machine 
initiates 
and unconditionally 
transi- 
I 


tions from state sA through state sC, back into state sW AIT. 
The state machine will stay in sW AIT untii SELSQO asserts, 
indicating 
another access. 


At the end of state sWAIT 
when the state machine 
transi- 
tions to sA, the SAR controller 
drives SARSWRn 
high for a 


read, 
and asserts 
SARSELn, 
SARASELn, 
and AOEABn. 


As AOEABn 
asserts, 
the address 
buffers 
place the address 
on the SAR's AD bus, where it is latched 
into the SAR on 
the first rising edge of the clock after S~RASELn 
goes low. 


On the following 
clock edge after the address is latched, 
the 
SAR 
places 
the 
data 
on its AD 
lines, 
which 
is at the 
beginning 
of state sC, provided 
that SARSELn 
is low. At 
the beginning 
of state sC with the data placed on the SAR's 
AD bus, ~EADYpinn 
is asserted 
and DOEBAn 
activates, 


placing 
the data onto the processors 
AD bus, through 
the 
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data buffers. 
At the end of state se. 
the processor 
samples 
READY and BLAST 
asserted. 
signaling 
the' end of the data 
transfer. 
When 
READY 
and BLAST 
are sampled 
asserted 


during the transition 
from se to sW AIT. the SELSQO signal 
deasserts, 
keeping 
the SAR 
access 
state 
machine 
in, state 
sWAlT. 


Figure 
15 shows 
the Single 
Word 
Write 
Access 
Timing 
Diagram. 
The single word access begins with the processor 


'making 
a request 
to the SAR address 
space. The address is 
latched 
and decoded. 
asserting 
the SELSQO select 
signal. 


On the first rising clock edge that SELSQO is low. the SAR 
access 
state 
machine 
initiates 
and unconditionally 
transi- 
tions from state sA through state se. back into state sW AIT. 
The state machine will stay in sW AIT until SELSQO asserts. 
indicating 
another access. 


At the end of state sW AIT when the state machine 
transi- 
tions to sA. the SAR controller 
drives SARSWRn 
low for a 


1-684 


infel~ 


write. 
and asserts 
SARSELn. 
SARASELn. 
and AOEABn. 
As AOEABn 
asserts. 
the address 
buffers 
place the address 
on the SAR's AD bus. where it is latched 
into the SAR on 


.•the first rising edge of the clock after SARASELn 
goes low. 


On the same 
clock 
edge 
that the address 
is latched. 
the 
DOEABn 
signal is asserted. 
enabling 
data onto the SAR's 
AD bus. through the data buffers. The SAR then completes 
the access by latching 
the data present on its AD bus on the 
leading edge of the clock. just before SARSELn 
goes high. 
The clock edge in this case is at the end of state sB. 


In the beginning 
of state se after the access has completed. 


the controller 
asserts READYpinn 
and de asserts DOEABn. 
removing 
the data from the SAR's 
AD bus. At the end of 
state 
se. 
the 
processor 
samples 
READY 
and 
BLAST 
asserted. 
signaling 
the 
end 
of 
the 
data 
transfer. 
When 
READY 
and 
BLAST 
are 
sampled 
asserted 
during 
the 
transition 
from se to sWAIT. the SELSQO signal deasserts, 
keeping the SAR access state machine in state sW AIT. 
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Figure 15. 80960Jx 
to IJPD98401 
Single Word Read and Write Timing 
Diagram 
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5.0 
CONCLUSION 


This application 
note discusses 
how to interface 
between 
an Intel i960 Jx processor 
and an NEC flPD9840l 
Local ATM 
SAR Chip. 
The platform 
used was a Cyclone 
Microsystems 
PCI-SDK 
evaluation 
platform, 
with a i960 Jx processor 
module and an ATM Squall module. With the Squall module containing 
the SAR chip. To support the interface 
between the 
i960 Jx processor 
and' the SAR chip are 2, 8, or 32 Mbytes 
of DRAM, 
implemented 
in two 72 pin SI MM sockets. 
The 
schematics 
were generated 
in Future Net. The PLD equations 
for the DRAM controller 
were written in PLDsheh, 
and the 
SAR controller 
equations 
were written in MACH XL. The schematics 
and PLD files are available 
through Intel America's 


. Application 
Support 
BBS. 
.' 


6.0 
RELATED INFORMATION 


To receive Intelliterature, 
contact: 


Intel Corporation 
Literature 
Sales 


r.o. Box 7641 
Mt. Prospect 
IL 60056-7641 


1-800-879-4683 


Table 1. Related 
Information 


Reference 
# 
Document 
Name 
Order# 


1 
Intel Solutions960® 
catalog 
Intel 270791 


2 
i960® Jx Microprocessor 
Users's 
Manual 
Intel272483 


3 
80960JAlJF 
Embedded 
32-bit Microprocessor 
Data Sheet 
Intel 272504 


4 
pP098401 
LOCAL ATM SAR CHIP User's Manual 
NEC IEU-1384 


5 
pPD98401 
LOCAL ATM SAR CHIP Preliminary 
Data Sheet 
NEC ID-3392 


6 
10 ns FLASHlogic 
FPGA with SRAM Option Data Sheet 
Altera 


7 
PLDshell 
Plus /PLDasm 
User's 
Guide V4.0 
Intel 


8 
Cyclone 
i96cfJ Microprocessor 
User's Guide 
Intel 272577 


9 
MACHXL 
Software 
Users's 
Guide 


I. 
AMD 


10 
MACH 1and 2 Family Data Book 
AMD 


You can use your PC with modem to download 
schematics 
and PLD equations 
from Intel's 
Bulletin Board Service (BBS) . 


Intel Technical 
Support 
Hotline 
North America: 
800-628-8686 


Europe: 
44-793-696-000 


Intel's Bulletin 
Board Service 
(BBS) 
North America: 
916-356-3600 
. 


supports up \0 14.4 Kbps (n,B.1,p 
) 
for sdlematics 
and PLO equation 
s 
Europe: 
44-793-432-955 


." 


To contact Cyclone Microsystems 
for additional 
information 
about their products: 


Cyclone 
Microsystems 
Phone: 203-786-5536 


25 Science 
Park 
FAX: 203-786-5025 


New Haven CT 06511 
e-mail: info@cyclone.com 
, 
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APPENDIX 
A 
PLDshell 
FILES 


Table 
A-I 
contains 
the PLD equations 
used to build the portion 
of the DRAM 
controller, 
implemented 
in the Altera 
FLASHlogic 
EPX780 
FPGA. Table A-"2 contains 
the PLD equations 
used to build the portion 
of the DRAM 
controller, 


implemented 
in the PAL20V8. 
The PLD equations 
were created in PLDshell. 


TableA-1. 
DRAM Controller 
EPX780 
PLDshell 
File (Sheet 1 of 12) 


TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 


Private 
DRAM 
Control 
D601 
- Compiled 
with 
PLDShell 


E 
J. 
Smith 
Cyclone 
Microsystems 
Inc. 
5-10-95 


DCTRL 
iFX780 
84 
CHIP 


PIN 
3 
pclk 
;INP: 
system 
clock 
PIN 
45 
clk16 
;INP: 
16MHz 
clock 
PI~ 
51 
rst 
;INP: 
reset 
PIN 
47 
ads 
;INP: 


PIN 
81 
blast 
;INP: 


PIN 
55 
a31 
;INP: 
PIN 
56 
a30 
;INP: 
PIN 
58 
a29 
;INP: 
PIN 
60 
a28 
;INP: 
PIN 
62 
a19 
;INP: 
PIN 
64 
a18 
;INP: 
PIN 
32 
a3 
;INP: 
address 
to 
increment' 


PIN 
13 
a2 
;INP: 
select 
bank 
cas 
PIN 
20 
a1 
;INP: 
select 
bank 
cas 
PIN 
75 
w_r 
;INP: 
shared 
w/r 
PIN 
76 
holda 
;INP: 


PIN 
77 
sqbrO 
;INP: 
Squall 
0 bus 
request 
PIN 
78 
pcihold 
;INP: 
PCI 
9060 
bus 
request 
PIN 
79 
lock 
;INP: 
960 
lock 
PIN 
82 
extend 
;INP: 
squall 
module 
extend 
dram 
reads 
PIN 
1 
pt2 
;INP: 
i960 
processor 
type 
Pulled 
hi'on 
board 
PIN 
35 
ptl 
;INP: 
i960 
processor 
type 
PIN 
37 
ptO 
;INP: 
i960 
processor 
type 
PIN 
8 
freq2 
;INP: 
i960 
processor 
freq 
PIN 
7 
freq1 
;INP: 
i960 
processor 
freq 
PIN 
28 
freqO 
;INP: 
i960 
processor 
freq 
PIN 
74 
pd3 
;INP: 
SIMM 
PD3 
output 
70/60ns 
PIN 
73 
swaprom 
;INP: 


PIN 
21 
pciinstall 
;INP: 
PCI9060 
installed 
= 
1 
PIN 
I029 
readyin 
;INP: 
should 
be 
given 
same 
pin 
# 
as 
ready 
pin - 
this 
is 
for 


.. 
," 
; pin 
feedback 


L 
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1051 
muxin 


Table A-1. 
DRAM Controller 
EPX780 
PLDshell 
File (Sheet 2 of 12) 


PIN 


PIN 
PIN 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


NODE 
NODE 
NODE 
NODE 
NODE 
NODE 
NODE 
NODE 
NODE 
NODE 
NODE 


22 
83 
irquart 
breqo 


REG 
REG 
·REG 
--REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 


REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 


.REG 
REG 
<;OMB 


REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 


;INP: should be given same pin # 
; as mux pin. 
muxalt when operating @ 33Mhz 
;INP: active high uart interrupt 
;INP: PCI9060 indicates deadlock 


;OUT: BOFF* to Cx processors @ deadlock 
;OUT: ready during deadlock 
;OUT: deadlock interrupt 
;OUT: 
;OUT: 
;OUT: mux output - freq<33·, active low 
;OUT: mux output 
freq>=33, 
;OUT: 
;OUT: 
;OUT: 
;OUT: 
;OUT: DRAM write enable 
;out: i960 ready 
;out: 
;OUT: hold processor 
;OUT: bus grant Squall 0 
;OUT: bus grant to PLX 9060 


;OUT: 4MHz clock 
;OUT: 
;OUT: 
;OUT: 
;OUT: 


;OUT: 
;OUT: 
;OUT: select parallel port 
;OUT: 
;OUT: 
;OUT: 
;OUT: Select Squall Module 
;OUT: active low uart interrupt 


;buried: ready enable during deadlock 
;buried: ready enable 


;buried: bank select state 0 
;buried: 
;buried: 
;buried: Sx processor is ~ccessing Mem. 
;buried: 
;buried: 
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84 
boff 
30' 
altREADY 
54 
irqddlk 
9 
rasO 
5 
ras2 
63 
mux 
61 
,muxalt 
27 
casen 
72 
banksel 
70 
maOa 
69 
maOb 
31 
dwe 
12 
ready 
6 
ref 
48 
hold 
49 
sqbgO 
50 
pcihlda 


19 
clk4 
18 
zrd 
16 
zwr 
15 
ior 
14 
iow 
43 
selio 
42 
selcio 
41 
seluart 
40 
selpp 
33 
selpmrom 
34 
.selfromO 
36 
selfrom1 
39 
selsqO 
57 
irquartn 


1046 
1028 
1049 
1044 
1042 
1031 
1005 
1007 
1052 
105'0 
1057 


altRDYEN 
rdyen 
stO 
st1 
st2 
bssO 
incbank 
mempend 
sx 
pfv1 
pfvO 
I 
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Table A-1. 
DRAM Controller 
EPX780 
PLDshell 
File (Sheet 3 of 12) 


NODE 
I054 
selmux 
;buried: 
NODE 
I076 
refsync 
REG 
;buried: 


NODE 
I006 
refclk 
REG 
;buried: 


NODE 
I008 
refclkd 
REG 
;buried: 
NODE 
I002 
refpend 
REG 
;buried: 
refresh 
pending 


NODE 
I067 
BOOTRDO 
REG 
;buried: 
set 
at 
reset, 
clr 
w/ 
ADS 


NODE 
I065 
BOOTRD1 
REG 
;buried: 
set 
at 
ADS, 
clr 
w/ 
blast 


NODE 
I022 
clk8 
REG 
;buried: 
8MHz 
clock 


NODE 
I010 
iosO 
REG 
;buried: 
io 
control 
states 


NODE 
I013 
ios1 
REG 
;buried: 
io 
control 
states 


NODE 
I016 
ios2 
REG 
;buried: 
io 
control 
states 


NODE 
I015 
ios3 
REG 
;buried: 
io 
control 
states 
NODE 
I019 
ios4 
REG 
;buried: 
io 
control 
states 


NODE 
I032 
ciotrc 
REG 
;buried: 


NODE 
I034 
synctrc 
REG 
;buried: 


NODE 
I036 
countO 
REG 
;buried: 
cio 
trcv 
states 


NODE 
I038 
count1 
REG 
;buried: 
cio 
trcv 
states 


NODE 
I079 
ref~O 
REG 
;buried: 
refresh 
counter 
NODE 
I078 
refc1 
REG 
;buried: 
refresh 
counter 


NODE 
I074 
refc2 
REG 
;buried: 
refresh 
counter 


NODE 
I072 
refc3 
REG 
;buried: 
refresh 
counter 
NODE 
I071 
refc4 
REG 
;buried: 
refresh 
counter 
NODE 
I070 
refc5 
REG 
;buried: 
refresh 
counter 


NODE 
I012 
to 
REG 
;buried: 
timeout 
states 


NODE 
I014 
t1 
REG 
;buried: 
timeout 
states 


NODE 
lOSS 
dO 
REG 
;buried: 
deadlock 
states 


NODE 
I058 . d1 
REG 
;buried: 
deadlock 
states 


STRING 
se14 
7 
'/a31 
* 
a30' 
;regions 
4-7 
- 
STRING 
se18 
9 
a31 
* 
/a30 
* 
/a29' 
;regions 
8-9 
- 


STRING 
selO 
3 
'/a31 
* 
/a30' 
;region 
0-3 
- 


STRING 
seldram 
a31 
* 
/a30 
* 
a29 
* 
/a28' 
;region 
A 


STRING 
selb 
a31 
* 
/a30 
* 
a29 
* 
a28' 
;region 
B' 


STRING 
selc 
a31 
* 
a30 
* 
/a29 
* 
/a28' 
;regions 
C 


STRING 
seld 
, a31 
* 
a30 
* 
/a29 
* 
a28' 
;regions 
D 


STRING 
sele 
a31 
* 
a30 
* 
a29 
* 
/a28' 
;region 
E 
STRING 
self 
, a31 
* 
a30 
* 
a29 
* 
a28' 
;region 
F 


STRING 
pfO 
'/pfv1 
* 
/pfvO' 
STRING 
pfl 
'/pfv1 
* 
pfvO' 
STRING 
pf2 
, pfv1 
* 
/pfvO' 
STRING 
pf3 
pfv1 
* 
pfvO' 


STRING 
Cx 
'/pt2 
* 
pt1 
* 
/ptO' 
STRING 
Jx 
pt2 
*. /pt1 
* 
/ptO" 


I 
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;52221,42221 
; pf3=50MHz, 
;52222,42221 
70ns 
1 
o 
1 
1 
o 
1 


;*********** 
I/O 
Wait 
& ready 
generation 
*** 


STA'PE MEALY _MACHINE 
DEFAULT -BRANCH 
ioO 
ioO 
ios4 
* 
ios3 
* 
ios2 
* 
ios1 
* 
iosO 
io1 
ios4 
* 
ios3 
* 
ios2 
* 
ios1 
* 
/iosO 
i02 
ios4 
* 
ibs3 
* 
ios2 
* 
/ios1 
* 
/iosO 


i03 
ios4 
* 
ios3 
* 
ios2 
* 
/ios1 
* 
iosO 


i04 
ios4 
* 
ios3 
* 
/ios2 
* 
/ios1 
* 
iosO 
i05 
ios4 
* 
ios3 
* 
/ios2 
* 
/ios1 
* 
/iosO 
i06 
ios4 
* 
ios3 
* 
/ios2 
* 
ios1 
* 
/iosO 
i07 
ios4 
* 
ios3 
* 
/ios2 
* 
ios1 
* 
iosO 
i08 
ios4 
* 
/ios3 
* 
/ios2 
* 
ios1 
* 
iosO 
i09 
ios4 
* 
/ios3 
* 
/ios2 
* 
/ios1 
* 
iosO 
io10 
ios4 
* 
/ios3 
* 
/ios2 
* 
/ios1 
* 
/iosO 
io11 
ios4 
* 
/ios3 
* 
/ios2 
* 
ios1 
* 
/iosO 
io12 
ios4 
* 
/ios3 
* 
ios2 
* 
ios1 
* 
/iosO 
iol3 
ios4 
* 
/ios3 
* 
ios2 
* 
ios1 
* 
iosO 
io14 
=/ios4 
* /ios3 
* 
ios2 
* 
ios1 
* 
iosO 
io15 
=/ios4 
* 
ios3 
* 
ios2 
* 
ios1 
* 
iosO 
io16 
=/ios4 
* 
ios3 
* 
ios2 
* 
ios1 
* 
/iosO 
io17 
=/ios4 
* 
ios3 
* 
ios2 
* 
/ios1 
* 
/iosO 
io18 
=/ios4 
* 
ios3 
* 
ios2 
* 
/ios1 
* 
iosO 
io19 
=/ios4 
* 
ios3 
* 
/ios2 
* 
/ios1 
* 
iosO 
i020 
=/ios4 
* 
ios3 
* 
/ios2 
* 
ios1 
* 
iosO 
i021 
=/ios4 
* 
/ios3 
* 
/ios2 
* 
ios1 
* 
iosO 
i022 
=/ios4 
* 
ios3 
* 
/ios2 
* 
ios1 
* 
/iosO 
i023 
=/ios4 
* 
/ios3 
* 
ios2 
* 
ios1.* 
/iosO 
i024 
=/ios4 
* 
/ios3 
* 
ios2 
* 
/ios1 
* 
iosO 
i032 
=/ios4 
* 
/ios3 
* 
/ios2 
* 
ios1 
* 
/iosO 
used 
only 
on 
1st 
Cx/Hx 
read. 


ioO 
.- 
( 
/selio 
* 
/selcio 
* 
ciotrc) 
-> 
io1 


+ 
( 
/selio 
*. selcio 
) 
-> 
io15 


+ 
( 
/selpmrom 
) 
->io15 


+ 
( 
time3 
) 
->io15 
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iol 
io2 
io3 
io4 
io5 
io6 
io7 
io8 
io9 
iolO 
ioll 
iol2 
io13 
iol4 
iol5 
iol6 
iol7 
iol8 
iol9 
io20 
io2l 


vcc 
-> 
io2 
.- vcc 
-> 
io3 
:= vcc 
-> 
i04 
:= 
vcc 
-> 
io5 


: = vcc -> 
io6 
:= 
vcc 
-> 
io7 


.- vcc 
-> 
io8 
.- vcc 
-> 
io9 
:= vcc 
-> 
iolO 


:= vcc 
-> 
ioll 


:= vcc 
-> 
iol2 
.- vcc 
-> 
io:t3 


:= 
vcc 
->'iol4 
.- vcc 
-> 
iol5 
.- vcc 
-> 
iol6 
.- vcc 
-> 
iol7 


.- vcc 
-> 
iol8 
.- vcc 
-> 
iol9 
.- vcc 
-> 
io20 
.- vcc 
-> 
io2l 


:= 
( BOOTRDl 


+ 
(/BOOTRDl 
:= 
( blast) 
-> 


+ 
(/blast 
) -> 
.- vcc 
-> 
io24 
.- vcc 
-> 
ioO 


-> 
io32 


-> 
io22 
iol5 
io23 


Cx 
first 
read, 
loop 
& hold 
ready 
low 
until 
Cx 
asserts 
blast. 
Sx/Kx 
burst 
read 
io22 


io23 
io24 
io32 
:= 
( blast) 
-> 
io32 
+ 
(/blast 
) -> 
io23 


;*********** 
Local 
bus 
Timeout 
************* 


;8us 
minimum 
timeout 
on 
squall 
cycles. 


STATE 
MEALY_MACHINE 
DEFAULT_BRANCH 
HOLD_STATE 


timeO 
tl 
* 
to 
timel 
tl * 
ItO 
time2 
Itl * 
ItO 
time3 
Itl * 
,to 


timeO 
.- 
(/selsqO) 
-> 
timel 


timel 
.- 
(Ireadyin) 
-> 
timeO 


+ 
refclk 
* 
Irefclkd) 
-> 
time2 
time2 
:= 
(/readyin) 
-> 
timeO 


+ 
( 
refclk 
* 
Irefclkd) 
-> 
time3 
time3 
.- 
(Ireadyin) 
-> 
timeO 
. 


I 
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;*********** 
DRAM 
Control 
****************** 


STATE 
MEALY_MACHINE 


DEFAULT -BRANCH 
sO 
sO 
ref 
* 
rasO 
* 
ras2 
* 
/st2 
* 
/sti 
stO 


si 
ref 
* 
/rasO 
* /ras2 
* 
/st2 
* /stl 
* 
stO 


s2 
ref 
* 
/rasO 
* 
/ras2 
* 
/st2 
* 
/sti 
* /stO 


s3 
~ef 
* 
/rasO 
* /ras2 
* /st2 
* 
sti 
* /stO 
s4 
ref 
* 
/rasO 
* /ras2 
* /st2 
* 
sti 
* 
stO 


sS 
ref 
* 
rasO 
* 
ras2 
* /st2 
* 
/stl 
* /stO 


sSa 
ref 
* 
ra~O 
* 
ras2 
* 
st2 
* 
/sti 
* 
/stO 
s6 
/ref 
* 
rasO 
* 
ras2 
* 
/st2 
* /sti 
* 
stO 


s7 
/ref 
* 
rasO 
* 
ras2 
* 
/st2 
* 
/sti 
* /stO 


sS 
/ref 
* 
/rasO 
* /ras2 
* 
/st2 
* /sti 
* /stO 
s9 
/ref 
* 
/rasO 
* /ras2 
* 
st2 
* 
/stl 
* /stO 


slO 
/ref 
* 
/rasO 
* /ras2 
* 
st2 
* /sti 
stO 


sO 
.- 
(/refpend) 
-> 
s6 


+ 
( 
refpend 
* lads 
* seldram 
*/ (pfO) ) 
-> si 


+ 
( 
refpend 
* /mempend 
*/(pfO)) 
-> si 


+ 
( 
refpend 
* lads 
* seldram 
* 
(pfO) ) 
-> s2 


+ 
( 
refpend 
* /mempend 
* 
(pfO) ) 
-> s2 


si 
:= vcc 
-> s2 
s2 
.- 
(pf2 * 
/w_r) 
-o- 
s3 


+ 
(pf2 
* 
w_r) 
-> s4 


+ 
(pf3 
* 
/w_r) 
-> s3 


+ 
(pf3 
* 
w_!=") 
-> s4 


+ 
(pfl) 
-> s4 


+ 
(pfO) 
-> s4 
s3 
.- vcc 
-> s4 
s4 
.- 
( 
blast 
* /w_r 
* extend 
* 
(pfO) ) 
-> 
s4 


+ 
( 
blast 
* /w_r 
* 
extend 
* pfl) 
-> s4 


+ 
( 
blast 
* /w_r 
* extend 
* pf2) 
-> s3 


+ 
( 
blast 
* 
/w_r 
* extend 
* pf3) 
-> s3 


+ 
( 
blast 
* 
w_ r 
-> s3 


+ 
(/blast 
* extend 
* 
(pfO) ) 
-> sO 


+ 
(/blast 
* 
extend 
* pfl) 
-> sS 


+ 
(/blast 
* extend 
* pf2) 
-> sS 


+ 
(/blast 
* 
w 
r 
* pf3) 
-> 
sSa 
- 


+ 
(/blast 
* /w_r 
* extend 
* pf3) 
-> sS 


+ 
(/extend 
* /w_r 
-> s4 
sSa 
.- vcc 
-> sS 
sS 
.- vcc 
-> sO 
s6 
:= 
vcc 
-> s7 
;refresh 
s7 
.- vcc 
-> 
sS 
;refresh 
sS 
:= vcc 
-> 
s9 
;refresh 
s9 
.- vcc 
->- slO 
;refresh 
slO 
.- vcc 
-> sS 
;refresh 


;AP ok 


;AP 
ok 
;AP 
ok 
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stO.setf 
/rst 
stl.rstf 
/rst 
rasO.setf 
/rst 
ras2.setf 
/rst 


ios4.setf 
/rst 
ios3.setf 
/rst 


iosl.setf 
/rst 
iosO.setf 
/rst 


tl.setf 
/rst 
to.setf 
/rst 


irqddlk.clkf 
pclk 
boff.clkf 
irqddlk.seti' 
/rst 
boff.setf 


st2.rstf 
/rst 
ref.setf 
/rst 


ios2.setf 
/rst 


pclk 
/rst 
l 
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dl.clkf 
dl.rstf 
pclk 


Irst 
dO.clkf 
dO.rstf 


pclk 


Irst 


altRDYEN.clkf 
altRDYEN.rstf 


pclk 


Irst 
altREADY.clkf 
altREADY.setf 


pclk 
/rst 


BOOTRDO.clkf 
BOOTRD1.clkf 


pclk 
pclk 


;************ 
Deadlock 
Equations 


laltREADY 
:= sD 
+ 
sE 
* blast 
altREADY.trst 
= altRDYEN 
altRDYEN 
.- se 
+ sD 
+ 
sE 


Iboff 
:= ex * 
breqo 
+ ex 
* Ibreqo 
* /boff 
* pcihold 


*********** 


j************ 
Select 
Signals 
*************"'* 


Iselio 
:= 
lads 
* selb 
iBxxxxxxx 
+ 
lads 
* self 
* 
Iswaprom 
iFxxxxxxx 
+ 
lads 
* sele 
* 
swaprom 
iExxxxxxx 
+ 
lads 
* seld 
;Dxxxxxxx 
+ 
lads 
* se14 
7 
* Ipci:l.nstall 


+ 
lads 
* se18 
9 
* Ipciinstall 
- 
+ 
Iselio 
* I (/blast 
* Iready) 
* rst 


Iselcio 
:::: 
lads 
* selb 
*/a19 
* 
a18 
;b4000000 
+ 
Iselio 
* selb 
*/a19 
* 
a18 
* ready 
Iseluart:= 
lads 
* selb 
*/a19 
* 
la18 
;bOOOOOOO 
+ 
Iselio 
* selb 
*/a19 
* 
la18 
* ready 


Iselpp 
:= 
lads 
* selb 
* a19 
* 
la18 
;b8000000 


+ 
/selio 
* selb 
* a19 
* 
/a18 
* ready 


Iselpmrom:= 
swaprom 
* lads 
* self 
* rst 
;fOOOOOOO 
+ 
swaprom 
* 
Iselpmrom 
* self 
* ready 
* rst 


+ swaprom 
* 
lads 
* selO 
3 
* rst 
;00000000 
+ swaprom 
* 
Iselpmrom 
* selO 
3 
* ready 
* rst 
+/swaprom 
* lads 
* sele 
* rst 
;eOOOOOOO 
+/selpmrom 
*/(/blast 
* Iready) 
* rst 


IselfromO:= 
swaprom 
* 
lads 
* sele 
*/a18 
;eOOOOOOO 
+ swaprom 
* 
Iselio 
* sele 
*/a18 
* ready 
+/swaprom 
* 
lads 
* self 
*/a18 
;fOOOOOOO 
+/swaprom 
* Iselio 
* self 
*/a18 
* ready 
+/swaprom 
* 
lads 
* selO 
3 
*/a18 
;00000000 
+/swaprom 
* Iselio 
* selO 
3 
*/a18 
* ready 
- 


• 
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/selfrom1:= 
swaprom 
* lads 
* sele 
* a18 
;e0040000 
+ 
swaprom 
* /selio 
* sele 
* a18 
* ready 


+/swaprom 
* lads 
* self 
* a18 
;f0040000 


+/swaprom 
* 
/selio 
* self 
* a18 
* ready 
+/swaprom 
* lads 
* 
selO 
3 * 
a18 
;00040000 


+/swaprom 
* 
/selio 
* 
selO 
3 * 
a18 
* 
ready 


+ 
/selfrom1 
* 
BOOTRD1 
* blast 
* 
rst 


/selsqO 
:= 
lads 
* 
selc 
* 
rst 
;cOOOOOOO 


+ 
/selsqO 
* /(/blast 
* 
/readyin) 
* 
rst 


BOOTRDO 
:= 
/rst 
* 
/pt2 
* pt! 
set 
if 
ex 
or 
Hx 


+ 
rst 
* 
BOOTRDO 
* 
ads 
* 
/pt2 
* 
pt! 
hold 
til 
1st 
ads 


BOOTRD1 
.- 
rst 
* 
BOOTRDO 
* 
lads 
* 
/pt2 
* 
pt1 
+ 
rst 
* 
BOOTRD1 
* 
blast 
* 
/pt2 
* pt1 


set 
at 
ads 
hold 
til 
1st 
blast 


;************I/O 
control 
equatons 


/zrd 
:= /rst 
+ 
/selcio 
* /w_r 
* 
io2 
* 
rst 
+ 
/selcio 
* 
/w_r 
* io3 
* 
rst 
+ 
/selcio 
* /w_r 
* 
/zrd 
* 
ready 
* 
rst 


********* 


/zwr 
:= /rst 
+ 
/selcio 
* 
+ 
/selcio 
* 
+ 
/selcio 
* 


w_r 
* io2 
* 
rst 
w_r 
* io3 
* 
rst 
w_r 
* /zwr 
* 
ready 
* 
rdyen 
* 
rst 


/ior 
.- 
/selio 
* 
selcio 
* 
/w_r 
* ready 
* 
rst 
~ /selpmrom 
* 
/w_r 
* 
ready 
* 
rst 
+ 
/selio 
* selcio 
* 
/w_r 
* 
/ready 
* 
BOOTRD1 
* 
blast 
* rst 
+ 
/selpmrom 
* 
/w_r 
* 
/ready 
* 
BOOTRD1 
* 
blast 
* 
rst 


/iow 
:= /selio 
* 
selcio 
* 


+ 
/selpmrom 
w_r 
* 
ready. * rdyen 
* rst 
w_r 
* ready 
* 
rdyen 
* rst 


/irquartn= 
irquart 


/mempend 


i************ 
Configuration 
Terms 
********** 


/pt2 
* /pt1 
* 
/ptO 
* 
/holda 
freq2 
*/freq1 
* 
freqO 
freq2 
* 
freq1 
* /freqO 
freq2 
* freq1 
* 
freqO 
i************DRAM 
Control 
***************** 
:= 
mempend 
* 
lads 
* seldram 
* rst 
+ 
/mempend 
* /(/blast 
* /ready) 
* rst 
;hold 
till 
rdy 


sx 
selmux 
;i960Sx 
33MHz 
40MHz 
50MHz 


+ 


+ 


mempend.setf 
= 


/mux 
:= 
/muxalt 
.- 
mux.clkf 


/rst 
/rasO 
* rst 


/rasO 
* 
rst 


/pclk 
I 
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mux.trst 
muxalt.clkf 
muxalt.trst 


/selmux 
pclk 
selmux 


;MUX 
tri-stated 
when 
operating 
@ >-33MHz 


/casen 
:= 50 
* 
lads 
* seldram 
* 
(pfO) 
* refpend 
+ 50 
* /mempend 
* 
(pfO) 
* refpend 


+ 
51 


+ 
52 * 
/w_r * pf2 


+ 
52 * 
/w~r 
* 
pf3 
+ 52 * 
((pfO) 
+ 
(pf1» 
* 
/w_r 


+ 
53 
* 
/w_r 


+ 
54 
* 
blast 


+ 
54 
* /extend 
* 
/w_r 
* /b1ast 


/incbank 
.- 50 
* lads 
* seldram 
* 
(pfO) 
* refpend 
* extend; 
JX ok 


+ 
50 
* /mempend 
* 
(pfO) 
* refpend 
* extend 
; JX ok 


+ 
51 
* /((pf2) 
+ 
(pf3» 
* /w_r 
* blast 
* extend 
JX ok 


+ 
51 
* 
w_r 
* blast 
* extend 


+ 
52 
* 
/w_r 
* blast 
* extend 
+ 53 
* /((pf2) 
+ 
(pf3» 
* /w_r 
* blast 
* extend 
1st 
term 


.; =1 w/ 


pfO=l 


+ 
54 
* 
blast 
* 
extend 


/ready 
.- 52 * 
(pfO) 


+ 
52 
* 
pf1 


+ 
52 * 
pf2 
* w_r 
+ 
52 * 
pf3 
* w_r 


+ 
53 


+ 
54 
* 
(pfO) 
* 
/w_r * blast 
+ 
54 
* pf1 
* 
/w_r 
* 
blast 


+ 
54 
* 
/w_r 
* 
/blast 
* 
/extend 
+ io21 
+ io32 


ready.trst 
= 
/,rdyen 


/rdyen 
.- 51 
+ 
52 
+ 
53 
+ 
54 


+ 
io20 
+ 
io21 
+ 
io22 
+ 
io32 


/dwe 


'maOa.d 
:= 
rasO 
* 
/a3 
* 
a2 
; a[3:2] 
= 
01 


+ 
rasO 
* 
a3 
* 
/a2 
= 
10 


+ 
/rasO 
* 
/maOb 
* 
banksel 
* 
bssO 
* 
/ready 


+ 
/rasO 
* 
maOa 
* 
/banksel 


+ 
/rasO 
* 
maOa 
* 
/bssO 


+ 
/rasO 
* 
maOa 
* 
ready 
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/lIlUA.J..U 
; UULlJUL. 
,=UcU...U..t::! 
dl,;L..L 
ve 
w i.c n 
lV.1UA 
or 
IV1Ul\.I\LT 
.lOW 


;muxin 
low 
when 
MUX 
or 
MUXALT 
is 
low 
maOb.trst 
Imuxin 


;************ 
DRAM 
Bank 
Select 
************* 


Ibanksel.d:= 
lads 
* 
mempend 
* Isx 
* la2 
* rst 


+ 
lads 
* 
mempend 
* 
sx 
* la2 
* lal 
* rst 


+ 
lads 
* 
mempend 
* 
sx 
* la2 
* 
al 
* rst 


+ 
Imempend 
* 
incbank 
*./banksel 
* rst 


+ 
Imempend 
* 
lincbank 
* 
Ibanksel 
* rst 
* lextend 


+ 
Imempend 
* 
lincbank 
* 
Ibanksel 
* IbssO 
* rst 
* 


JX 
ok 


;hold 
JX 
ok 
;hold 
extend 
;bsO->bsl 
bssO 
* rst 
* extend 
; JX 
ok 
;bs3->bsO 


+ 
Imemp~nd 
* 
lincbank 
* 
banksel 
* 
1\ 


11 
oscillates 
with 
incbank 
low 


;bs3->bsl 
Isx 


;bs3->bsl 
Isx 


sx '* 
IbssO.d 
:= 
lads 
* 
la2 
* lal 
* rst 


+ 
lads 
* sx 
* 
a2 
* lal 
*-rst 


+ 
ads 
* sx 
* 
incbank 
* 
IbssO 
* rst 


+ 
ads 
* sx 
* lincbank 
* IbssO 
* rst 
* lextend 


+ 
ads 
* sx 
* 
lincbank 
* 
Ibanksel 
* bssO 
* rst 


;hold 
;hold 
* extend 
;bsl 
->bs2 


+ 
ads 
* sx 
* lincbank 
* 
banksel 
* bssO 
* rst 
* extend 
;bs3 
->bsO 


banksel.setf 
= Irst 
bssO.setf 
= Irst 


;************ 
DRAM 
Refresh 
***************** 


;sync 
4MHz 
count 
wl 
pclock 
Irefsync 
Irefclk 
Irefclkd 
Irefpend 


.- refc5 
.- refsync 
.- Irefclk 
refclk 
* Irefclkd 
* rst 
+ 
Irefpend 
* 
ref 
* rst 
;set 
;reset 
with 
ref 


refcO.t 
.- vcc 
refcl.t 
.- refcO 
refc2.t 
.- refcO 
* refcl 
refc3.t 
:= refcO 
* refcl 
* refc2 
refc4.t 
:= 
refcO 
* refcl 
* refc2 
* refc3 


;refresh 
counter 
16us 
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Table A-1. 
DRAM Controller 
EPX780 
PLDshell 
File (Sheet 12 of 12) 


refc5.t 
r~fcO 
refcO.aclk 
= clk4 
refc3.aclk 
= clk4 
refsync.clkf=pclk 
refpend.clkf=pclk 


* refcl 
* refc2 
* 
refc1.aclk 
= clk4 
refc4.aclk 
= clk4 
refclk.clkf= 
pclk 
ref.clkf 
pclk 


refc3 
* 
refc4 
refc2.aclk 
= clk4 
refc5.aclk 
= clk4 
refclkd.clkf=pclk 
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;************ 
Arbitration 
***.*************** 


hold 
.- pcihold 
* 
/holda 
~ lock 
;hold 
may 
not 
be 
asserted 


+ pcihold 
* 
holda 
;if 
lock 
is 
active, 
but 


+ 
/sqbrO 
* 
/holda 
* 
lock 
;lock 
maybe 
asserted 
by 


+ 
/sqbrO 
* 
holda 
;SQUALL 
masters 
once 
they 
;are 
granted 
the 
bus. 


/sqbgO 
:= holda 
* hold 
* /sqbrO 
* /pcihlda 


+ 
/sqbgO 
* 
/sqbrO 
* holda 


pcihlda 
.-.holda 
* hold 
* pcihold 
* sqbrO 
* sqbgO 


+ 
pcihlda 
* 
pcihold 
* holda 


+ pcihold 
~ 
/boff 


; ************ 
4 MHz 
clock 
********"********** 
clk8.t 
clk8.clkf 
clk4.t 
clk4.aclk 


:= vcc 
= clk16 
:= vcc 
= clk8 


/ciotrc 


;************ 
CIO 
T recovery 
;Delay 
1000ns 
for 
trc 
on 
the 
:= /selcio 
* 
/ready 


+ 
/ciotrc 
* 
synctrc 
* 
rst 
;set 
fi hold/reset 


8536 
* 
rst 


/synctrc 
:= /ciotrc 
* 
/count1 
* 
countO 
* 
rst 
;assert 


ciotrc.clkf 
synctrc.clkf 
pclk 
pclk 


/count1 
:=/ciotrc 
* 
count1 
* 
/countO 
* rst 
;10 
-> 00 


+ 
/ciotrc 
* 
/count1 
* 
/countO 
* rst 
;00 
-> 
01 


/countO 
:= /ciotrc 
* 


+ 
/ciotrc 
* 
clk4 
clk4 
/synctrc 
* 
/synctrc 
* 


count1 
* 
countO 
* 
rst 
;11 
-> 10 
count1 
* 
/countO 
* 
rst 
;10 
-> 
00 
count1.aclk 
countO.aclk 
count1.setf 
countO.setf 
cio·trc 
ciotrc 


I 
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TableA-2. 
DRAM Controller 
PAL20V8 
PLDshell 
File (Sheet 1.of 2) 


TITLE 
Private 
DRAM 
Control 
PATTERN 
REVISION 
D600A 
AUTHOR 
J. Smith 
COMPANY 
Cyclone 
DATE 
06-14-94 
CHIP 
CAS EN 
pAL20V8 


PIN 
1 
pclk 
;INP: 
system 
clock 
PIN 
2 
ready 
;INP: 
;plcc 
pin 
3 
PIN 
3 
casen 
;INP: 
;plcc 
pin 
4 
PIN 
4 
barik s'e L 
;INP: 
;plcc 
pin 
5 
PIN 
5 
blast 
;INP: 
;plcc 
pin 
6 
PIN 
6 
be3 
;INP: 
;plcc 
pin 
7 
PIN 
7 
be2 
;INP: 
;plcc 
pin 
9 
PIN 
8 
bel 
;INP: 
;plcc 
pin 
10 
PIN 
9 
beO 
;INP: 
;plcc 
pin 
11 
PIN 
10 
ref 
;INP: 
;plcc 
pin 
12 
PIN 
11 
nc 
;INP: 
;plcc 
pin 
13 
PIN 
12 
gnd 
;plcc 
pin 
14 
PIN 
13 
oe 
;plcc 
pin 
16 
PIN 
14 
nc 
.;OUT: 
;plcc 
pin 
17 
PIN 
15 
casbO 
REG 
;OUT: 
;plcc 
pin 
18 
PIN 
16 
casb1 
REG 
;OUT: 
;plcc 
pin 
19 
PIN 
17 
casb2 
REG 
;OUT: 
;plcc 
pin 
20 
PIN 
18 
casb3 
REG 
;OUT: 
;plcc 
pin 
21 
PIN 
19 
casaO 
REG 
;OUT: 
;plcc 
pin 
23 
PIN 
20 
casa1 
REG 
;OUT: 
;plcc 
pin 
24 
PIN 
21 
casa2 
REG 
;OUT: 
;plcc 
'pi.n 25 
PIN 
22 
casa3 
REG 
;OUT: 
;plcc 
pin 
26 
PIN 
23 
nc 
;plcc 
pin 
27 
PIN 
24 
vcc 


I 
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+ 
Iref 
leasbl 
:= 
leasen 
* 
Ibel 
* 
banksel 
* 
1(/blast 
* 
Iready) 


+ 
Iref 
leasb2 
:= 
leasen 
* 
Ibe2 
* 
banksel 
* 
1(/blast 
* 
Iready) 


+ 
Iref 
leasb3 
:= 
leasen 
* 
Ibe3 
* 
banksel 
* 
1(/blast 
* 
Iready) 


+ 
Iref 


I 
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APPENDIX 
B 
eLD EQUATIONS 


Table B-1 contains 
the PLO equations 
used to build the SAR controller, 
implemented 
in an AMO* MACH21O* PLO. 
The 


PLO equations 
were created in MACH XL. 
. 


Table B·1. 
SAR Controller 
MACH210, 
MACHXL 
File (Sheet 1 of 6) 


TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 


NEC-SAR 
(uPD9840l) 
Con~rol 
H60l 
A 
Joe 
Niederrneyer 
Cyclone 
6-06-95 


CHIP 
H601 
MACH 210 
;(-l2nS 
tPD 
req'd 
for 
SARRDYn) 
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Table 8-1. 
SAR Controller 
MACH210, 
MACHXL 
File (Sheet 2 of 6) 


NODE 
2 
READYn 
REG 
PAIR 
READYpinn 
NODE 28 
ADSn 
REG 
PAIR 
ADSpinn 
NODE 
6 
BL~STn 
REG 
PAIR 
BLASTpinn 
I 


NODE 18 
CPUWR 
REG 
PAIR 
CPUWRpin 
I 


NODE 23 
RDYENn 
REG 
;BRY: ready pin enable. 
NODE 11 
CNT3 
REG 
;BRY: burst count MSB. 
NODE 
7 
CNT2 
REG 
;BRY: .burst count bit . 
NODE 
4 
CNT1 
REG 
;BRY: burst count bit. 
NODE 15 
CNTO 
REG 
;BRY: burst count LSB. 


NODE 
3 
SARRDYO 
REG 
;BRY: ready*, one clock delayed. 


;*********************************; 
;*** 
Slave State Assignments 
***; 
;*********************************; 


:**********************************; 
;*** 
Master State Assignments 
***; 
;******************~***************;. 


GROUP 
ff 
slv[l ..0] 
mst[l ..0] 
READYn 
RDYENn 
SARASELn 
SARSELn 
SARSWRn 
SQBREQn SARGNTn 
AOEABn AOEBAn ACLKENn DOEABn DOEBAn DLEABn 
ADSn CPUWR SARRDYO BLASTn PHYALE 
CNT3 CNT2 CNT1 CNTO 


NODE 
NODE 


STRING 
STRING 
STRING 
STRING 


STRING 
STRING 
STRING 
STRING 


STRING 
STRING 
STRING 
STRING 


STRING 
STRING 
STRING 
STRING 


EQUATIONS 


14,39 
35,22 
slv[l. .0] 
mst [1..0] 
;BRY: slave states. 
;BRY: master states. 
REG 
REG 


WAIT 
A 
B 
C 


#b11 
#b01 
#bOO 
, #b10 


sWAIT 
sA 
sB 
sC 


slv[l] * 
slv[O] 
, /slv[l] * 
slv[O] 
, /slv[l] * /slv[O] 
slv[l] * /slv[O] 


MO 
'#b11 
, 
M1 
'#b01 
M2 
'#bOO' 
M3 
#b10' 


sMO 
mst[l] * 
mst[O] 
sM1 
'/mst [1] * 
mst [0] 
sM2 
'/mst[l] 
* /mst[O] 
sM3 
mst [1] * /mst [0] 


ff.CLKF 
ff.RSTF 
ff.SETF 


PCLK 
GND 
GND 
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Table 8-1. 
SAR Controller 
MACH210, 
MACHXl 
File (Sheet 3 of 6) 


:*********************************; 
;*** 
Slave 
State 
Transitions 
***; 
:*********************************: 


IF 
(/RESETn) 
THEN 
BEGIN 
ELSE 
BEGIN 
BEGIN 
WAIT: 


A: 
B: 
C: 


END 
END 


slv[l. .0] 
= WAIT 
CASE 
(slv[l ..O]) 


BEGIN 
IF 
(SELSQn) 
THEN 
BEGIN 


ELSE 
BEGIN 
END 
BEGIN 
BEGIN 
BEGIN 


slv[l ..O] 
sly[l,.O] 
slv[l ...0] 


;********~*****************; 
:*** 
Ready 
Generation 
***; 
:**************************: 


END 


slv[l ..O] 
slv[l ..O] 


B 


C 
WAIT 


/SARSWRn 
.- sWAIT 
* 
/SELSQn 
* 
CPUWRpin 


WAIT 
A 


END 
END 
END 


END 
END 


READYpinn 
.- 


READYn 
.- /( 
sB 
) 


READYn 


READYpinn.TRST 
= 
/RDYENn 


/RDYENn 
:= 
/SELSQn 


:*****************************; 


;*** 
SAR 
Slave 
Equations 
***; 
;*****************************; 


/SARASELn 


/SARSELn 


:= 
sWAIT 
* 
/SELSQn 


:= sWAIT 
* 
/SELSQn 


+ sA 


I 


I 


, 


I 
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/DOEABn:= 
sA 
* 


+ 
sM3 
* 
CPUWRpin 
SARDWRn 


/DOEBAn.- 
sB 
* 
/CPUWRpin 


+ 
sM3 
* 
/SARDWRn 


/DCLKENn 
/READYpinn 
* 
/SQBGNTn 
* 
SARDWRn 


/DLEABn 
.- sM3 
* 
SARDWRn 


;**********************************; 
;*** 
Master 
State 
Transitions 
***; 
;**********************************j 


IF 
(jRESETn) 
THEN 
BEGIN 
ELSE 
BEGIN 
BEGIN 
MO: 


END 
END 


rost[1..0] 
= MO 
END 
CASE 
(rost[l..0]) 


BEGIN 
IF 
(/SQBGNTn 
* 
/SARATTNn) 
THEN 
BEGIN 
ms t, [1. .0] 
M1 
ELSE 
BEGIN 
rost[l..0] = MO 


M1: 
M2: 
M3: 


END 
BEGIN 
BEGIN 
BEGIN 


M2 
END 
M3 
END 
* 
/READYpinn) 
rost[1..0] 
MO 
rost[1. .0] 
= M3 


rost[1. .0] 
= 
rost[1. .0] 
= 
IF 
(/BLASTn 
THEN 
BEGIN 
ELSE 
BEGIN 
END 


;*******************************; 
;*** 
Arbitration 
Equations 
***; 
;*******************************; 


SAR 
Slave 
Write 
SAR 
Master 
Read 


SAR 
Slave 
Read 
SAR 
Master 
Write 


SAR 
Master 
Read 
Only 


SAR 
Master 
Read 
Only 


END 
END 


END 
END 


.- /SQBGNTn 
* /SQBREQn 
* /SARATTNn 
* RESETn 
/SARGNTn 


/SQBREQn 
.- /SARATTNn 
* 
RESETn 
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Table 8-1. 
SAR Controller 
MACH210, 
MACHXL 
File (Sheet 5 of 6) 


;**************************; 


;""" 
Blast 
Generation 
"""; 


;**************************; 


Burst 
counter 
needed 
to generate 
BLASTn. 
SAR 
indicates 
burst 
length 
(encoded) 
on 
SIZE<2,1,0> 
pins. 


Counter 
loaded 
with 
(SIZE 
- 1) at 
ADS". 
Counter 
decrements 
with 
each 
READY". 


BLASTn 
asserted 
when 
(CNT 
= 
1) 
and 
(READY" 
0) . 


CNT3 
:= 
/ADSn 
" 
SIZE2 
" 
/SIZE1 
" 
/SIZEO 
LOAD 


+ 
ADSn 
" 
READYpinn 
" 
CNT3 
HOLD 
+ 
ADSn 
* 
/READYpinn 
• 
CNT3 · 
CNT2 · 
CNT1 " 
CNTO 
DOWN 


+ 
ADSn 
* 
/READYpinn 
• 
CNT3 " 
CNT2 • 
CNT1 " 
/CNTO 
DOWN 


+ 
ADSn 
" 
/READYpinn 
• 
CNT3 " 
CNT2 · /CNT1 · 
CNTO 
DOWN 
+ 
ADSn · /,READYpinn 
• 
CNT3 
* 
CNT2 · 
/CNT1 " 
/CNTO 
DOWN 
+ 
ADSn · 
/READYpinn 
• 
CNT3 " 
/CNT2 · 
CNT1 · 
CNTO 
DOWN 
+ 
ADSn 
" 
/READYpinn 
• 
CNT3 " 
/CNT2 · 
CNT1 · /CNTO 
DOWN 
+ 
ADSn 
• /READYpinn · 
CNT3 · 
/CNT2 · 


/CNT1 " 
CNTO 
DOWN 
+ 
ADSn 
• /READYpinn · /CNT3 · 
/CNT2 · /CNT1 " 
/CNTO 
DOWN 


CNT2 
:= 
/ADSn 
• 
SIZE2 · /!'iIZE1· /SIZEO 
LOAD 
+ 
/ADSn 
• 
/SIZE2 
* 
SIZE1 · 
SIZEO 
LOAD 
+ 
ADSn 
" 
READYpinn 
• 
CNT2 
HOLD 
+ 
ADSn 
" 
/READYpinn 
• 
CNT2 · 
CNT1 · 
CNTO 
DOWN 
+ 
ADSn 
" 
/READYpinn · 
CNT2 · 
CNT1 
" 
/CNTO 
DOym 


+ 
ADSn · 


/READYpinn · 
CNT2 
* 
/CNT1 · 
CNTO 
DOWN 
+ 
ADSn · 
/R~ADypinn 
• /CNT2 
" 
/CNT1 
" 
/CNTO 
DOWN 


CNT1 
:= 
/ADSn · 
SIZE2 · /SIZE1 · /SIZEO 
LOAD 
+ 
/ADSn 
• 
/SIZE2 
" 
SIZE1 · 
SIZEO 
LOAD 
+ 
/ADSn 
• 
/SIZE2 
" 
SIZE1 
" 
/SIZEO 
LOAD 
+ 
ADSn · 
READYpinn · 
CNTl 
HOLD 
+ 
ADSn · /READYpinn 
" 
CNTl " 
CNTO 
DOWN 
+ 
ADSn 
t 
/READYpinn 
* 
/CNTl 
" 
/CNTO 
DOWN 


CNTO 
:= 
/ADSn 
* 
SIZE2 · /SIZEl 
" 
/SIZEO 
LOAD 


.+ 
/ADSn 
" 
/SIZE2 · 
SIZEl 
" 
SIZEO 
LOAD 
+ 
/ADSn 
" 
/SIZE2 · 
SIZEl 
" 
/SIZEO 
LOAD 
+ 
/ADSn 
" 
/SIZE2 
" 
/SIZEl 
" 
SIZEO 
LOAD 
+ 
ADSn · 
READYpinn 
" 
CNTO 
HOLD 
+ 
ADSn · 
/READYpinn 
" 
/CNTO 
DOWN 


BLASTn 
:= 
/( 
/ADSn 
" /SIZE2 
" /SIZEl 
" 
/SIZEO 
" RESETn 
+ 
/READYpinn 
• /CNT3 
• /CNT2 
" 
/CNTl 
• CNTO 
" RESETn 
+ 
/BLASTn 
"READYpinn 
" RESETn 
) 


BLASTpinn 
:= 
{ 
BLASTn 
} 
BLASTpinn.TRST 
= 
/SQBGNTn 
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Table 8-1. 
SAR Controller 
MACH210, 
MACHXL 
File (Sheet 6 of 6) 


;******************************; 
;*** 
SAR 
Master 
Equations 
***; 
;******************************; 


ADSn 
:= 
/( 
sM2 
) 
ADSpinn 
:= 
{ ADSn 
) 
ADSpinn.TRST 
= 
/SQBGNTn 


CPUWR 
:= 
/SARDWRn 
CPUWRpin 
.- 
{ CPUWR 
} 
CPUWRpin.TRST 
= 
/SQBGNTn 


/SARRDYO 
.- /READYpinn 


/SARRDYn 
/SARRDYO 
* 
/SQBGNTn 
* 
SARDWRn 
+ 
/READYpinn 
* 
/SQBGNTn 
* 
/SARDWRn 
READs 
pipe lined 
WRITEs 
normal 


/BEOn 
/BE1n 
/BE2n 
/BE3n 


VCC 
VCC 
VCC 
VCC 


BEOn.TRST 
BE1n.TRST 
BE2n.TRST 
BE3n.TRST 


/SQBGNTn 
/SQBGNTn 
/SQBGNTn 
/SQBGNTn 


;*******************************; 
;*** 
Physical 
I/F 
Equations 
***; 
:*******************************; 


SAR 
only 
holds 
a valid 
address 
for 
the 
1st 
6 clocks 
of 
a 
PHY 
read 
cycle. 


PHY 
write 
cycle 
works 
OK, 
as-is. 
PHY 
has 
an 
active 
HI 
ALE 
input 
available. 


ALE 
is 
held 
HI 
for 
write 
cycles' and 
pulled 
LO 
during 
reads 
to 
latch 
addr. 


PHYALE 
:= /( 
/PHY.CSn * 
PHYWRn) 


;*********~***********; 
;*** 
End 
Of 
H601 
.***; 


:*********************; 
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Memories and 
Peripherals. 


I 


28F016XS. 


16-MBIT (1 MBIT X 16, 2 MBIT X 8) 
SYNCHRONOUS 
FLASH MEMORY 


• 
Effective 
Zero Wait-State 
Performance 
up to 33 MHz 
Synchronous 
Pipelined 
Reads 


• 
SmartVoltage 
Technology 
User-Selectable 
3.3V or 5V Vcc 
User-Selectable 
5V or 12V Vpp 


• 
0.33 MB/sec Write Transfer 
Rate 


• 
Configurable 
x8 or x16 Operation 


• 
56-Lead 
TSOP and SSOP Type I 
Package 


• 
Backwards-Compatible 
with 28F008SA 
Command-Set 


• 
2 IJA Typical 
Deep Power-Down 


• 
1 mA Typical 
Active Icc Current 
in 
Static Mode 


• 
16 Separately-Erasable/Lockable 
128-Kbyte 
Blocks 


• 
1 Million Erase Cycles per Block 


• 
State-of-the-Art 
0.6 IJm ETOXTM IV Flash 
Technology 


Intel's 28F016XS 16-Mbit flash memory is a revolutionary architecture which is the ideal choice for designing 
truly revolutionary high-performance products. Combining very high read performance with the intrinsic 
nonvolatility of flash memory, the 28F016XS eliminates the traditional redundant memory paradigm of 
shadowing code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, for 
improved system performance. The innovative capabilities of the 28F016XS enable the design of direct- 
execute code and mass storage data/file flash memory systems. 


The 28F016XS is the highest performance high-density nonvolatile read/program flash memory solution 
available today. Its synchronous pipelined read interface, flexible Vee and Vpp voltages, extended cycling, 
fast program and read performance, symmetrically-blocked architecture, and selective block locking provide a 
highly flexible memory component suitable for resident flash component arrays on the system board or 
SIMMs. The synchronous pipelined interface and x8/x16 architecture of the 28F016XS allow easy interface 
with minimal glue logic to a wide range of processorslbuses, providing effective 'zero wait-state read 
performance up to 33 MHz. The 28F016XS's dual read voltage allows the same component to operate at 
either 3.3V or 5.0V Vee. Programming voltage at 5V Vpp minimizes extemal circuitry in minimal-chip, space 
critical designs, while the 12.0V Vpp·optionmaximizes program/erase performance. Its high read performance 
combined with flexible block locking enable both storage and execution of operating systems/application 
software and fast access to large data tables. The 28F016XS is manufactured on Intel's 0.6 pm ETOX IV 
process technology. 


Order 
Number: 
290573·002 
2-1 


28F016XS 
FLASH MEMORY 


1.0 
INTRODUCTION 


The documentation of the Intel 2SF016XS Flash 
memory device includes this datasheet; a detailed 
user's manual, a number of application notes and 
design 
tools, 
all 
of 
which 
are 
referenced 
in 
Appendix B. 


The datasheet is Intended to give an overview of 
the chip feature-set and of the operating ACIDC 
specifications. The 16-Mbit Flash Product Family 
User's Manual provides complete descriptions of 
the user modes, system interface examples and 
detailed descriptions of all principles of operation. It 
also contains the full list of software algorithm 
flowcharts, and a brief section on compatibility with 
the Intel 2SFOOSSA. 


Significant 2SF016XS feature revisions occurred 
between 
datasheet 
revisions 
290532-001 
and 
290532-002. 
These 
revisions 
center 
around 
removal of the following features: 


• 
All page buffer operations (read, write, 
programming, Upload Device Information) 


• 
Command queuing 


• 
Software Sleep and Abort 


• 
Erase all Unlocked Blocks and Two-Byte Write 


• 
RY/BY# Configur~tion options 


In 
addition, 
a 
significant 
2SF016XS 
change 
occurred between datasheet revisions 290532-002 
and 290532-003. This change centers around the 
addition 
of 
a 
3/5# 
pin to 
the 
device's 
pinout 
configuration. Figures 2 and 3 show the 3/5# pin 
assignment 
for 
the 
TSOP 
and 
SSOP Type 
I 
packages. 


Intel' recommends that all customers obtain the 
latest revisions of 2SF016XS documentation. 


1.1 
Product Preview 


The 
2SF016XS is a' high-performance, 
16-Mbit 
(16,n7,216-bit) 
block erasable nonvolatile random 
access memory organized as either 1 Mword x 16 
or 2 Mbyte x S, subdivided into even and odd 
banks. Address Al makes the bank selection. The 
2SF016XS includes sixteen 
12S-Kbyte (131,072 
byte) blocks or sixteen 64-Kword (65,536 word) 
blocks. Chip memory maps for xS andx16 
modes 
are shown in Figures 4 and 5. 
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The implementation of a new architecture, with 
many enhanced features, will improve the device 
operating 
characteristics 
and 
result 
in 
greater 


product reliability and ease-of-use as compared to 
other flash memories.' Significant features of the 
2SF016XS as compared to previous asynchronous 
flash memories include: 


• 
Synchronous Pipelined Read Interface 


• 
Significantly Improved Read and Program 
Performance 


• 
SmartVoltage Technology 


- 
Selectable 3.3V or 5.0 Vee 


- 
Selectable 5.0V or 12.0 Vpp 


• 
Block Program/Erase Protection 


The 2SF016XS's synchronous pipelined interface 
dramatically raises read performance far beyond 
previously 
attainable 
levels. 
Addresses 
are 


synchronously latched and data is read from a 
2SF016XS 
bank 
every 
30 
ns 
(5V 
Nee, 
SFI 


Configuration = 2). This capability translates to zero 
wait-state reads at clock rates up to 33 MHz at 5V 
vcc, after an initial address pipeline fill delay and 
assuming even and odd banks within the flash 
memory are altemately accessed. Data is latched 
and driven valid 20 ns (tcHQV)after a rising CLK 
edge. The 2SF016XS is capable of operating up to 
50 
MHz 
(5V 
Vee); 
its 
programmable 
SFI 


Configuration 
enables 
system 
design 
flexibility, 


optimizing the 2SF016XS to a specific system clock 
frequency. 
See 
Section 
4.9, 
SFI 
Configuration 
Table, for specific SFI Configurations for given 
operating frequencies. 


The SFI Configuration optimizes the 2SF016XS for 
a wide range of system operating frequencies. The 
default SFI Configuration is 4, which allows system 
boot from the 2SF016XS at any frequency up to 
50 MHz at 5V Vee. After initiating an access, data 
is latched and begins driving onme 
data outputs 
after 
a 
CLK 
count 
corresponding 
to 
the 
SFI 
Configuration has elapsed. The 2SF016XS will hold 
data valid until CE# or OE# is deactivated or a CLK 
count corresponding to the SFI Configuration for a 
subsequent access has elapsed. 


The CLK and ADV# inputs, new to the 2SF016XS in 
comparison to previous flash memories, control 
address latching and device synchronization during 
read operations. The CLK input controls the device 
latencies, times out the SFI Configuration counter 
and synchronizes data outputs. ADV# indicates the 
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presence of a valid address on the 28F016XS 
address inputs. During read operations, addresses 
are latched and accesses are initiated on a rising 
ClK edge in conjunction with ADV# low. Both ClK 
and ADV# are ignored by the 28F016XS during 
command/data write sequences. 


The 
28F016XS' 
incorporates 
SmartVoltage 
technology, providing Vcc operation at both.3.3V 
and 5.0V and program and erase capability at 
Vpp = 12.0V or 5.0V. Operating at Vcc = 3.3V, the 
28F016XS consumes less than one half the power 
consumption at 5.0V Vcc, while 5.0V Vcc provides 
highest read performance capability. Vpp operation 
at 5.0V eliminates the need for a separate 12.0V 
converter, while the Vpp = 12.0V option maximizes 
program/erase 
performance. 
In addition to 
the 
flexible program and erase voltages, the dedicated 
Vpp gives complete code protection with Vpp 
:s; 


VPPLK• 


A 3/5# input pin configures the device's internal 
circuitry for optimal 3.3V or 5.0V read/program 
operation. 


A Command User Interface (CUI) serves as the 
system interface between the microprocessor or 
microcontroller and the internal memory operation. 


Internal Algorithm Automation allows program and 
block erase operations to be executed using a Two- 
Write command sequence to the CUI in the same 
way as the 28F008SA 8-Mbit FlashFile™ memory. 


Software locking of memory blocks is an added 
feature 
of the 28F016XS as compared to the 
28F008SA. 
The 
28F016XS 
provides 
selectable 
block locking to protect code or data such as direct- 
executable operating systems or application code. 
Each block has an associated nonvolatile lock-bit 
which determines the lock status of the block. In 
addition, the 28F016XS has a master Write Protect 
pin (WP#) which prevents any modifications to 
memory blocks whose leek-bits are set. 


Writing of memory data is performed in either byte 
or word increments, typically within 6 IJs at 12.0V 
Vpp, 
which 
is 
a 
33% 
improvement 
over 
the 
28F008SA. A block erase operation erases one of 
the 16 blocks in typically 1.2 sec, independent of 
the other blocks. 
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Each block can be written and·erased a minimum of 
100,000 cycles. Systems can achieve one million 
Block 
Erase Cycles 
by 
providing 
wear-Ievellng 
algorithms and graceful block retirement. These 
techniques have already been employed in many 
flash file systems and hard disk drive designs. 


All operations are started by a sequence of Write 
commands to the device. Three Status Registers 
(described in detail later in this datasheet) and a 
RY/BY# output 
pin provide 
information 
on 
the 
progress of the requested operation. 


The following Status Registers are used to provide 
device and WSM operation information to the user: 


• 
A Compatible Status Register (CSR) which is 
100% compatible with the 28F008SA FlashFlle 
memory Status Register. The CSR, when used 
alone, 
provides 
a 
straightforward 
upgrade 
capability to the 28F016XS from a 28F008SA- 
based design. 


• 
A Global Status Register (GSR) which also 
informs 
the 
system 
of 
overall 
Write 
State 
Machine (WSM) status. 


• 
16 
Block 
Status 
Registers 
(BSRs) 
which 
provide. block-specific status information such 
as the block lock-bit status. 


. The GSR and BSR memory maps for Byte-Wide 
and Word-Wide modes are shown in Figures 5 
and 6. 


The 28F016XS incorporates an open drain RY/BY# 
output pin. This feature allows the user to OR-tie. 
many RY/BY# pins together in a multiple memory 
configuration such as a Resident Flash Array. 


The 
28F016XS also 
incorporates 
a dual 
chip- 
enable function with two input pins, CEo#and CE,#. 
These pins have exactly the same functionality as 
the regular chip-enable pin, CE#, on the 28F008SA. 
For minimum chip designs, CE,# may be tied to 
ground and system logic may use CEo# as the chip 
enable 
input. The 
28F016XS 
uses the 
logical 
combination of these two Signals to enable or 
disable the entire chip. Both CEo# and CE,# must 
be active low to enable the device. If either one 
becomes inactive, the chip will be disabled. This 
feature, along with the open drain RY/BY# pin, 
allows the system designer to reduce the number of 
control 
pins used in a large 
array of 
16-Mbit 
devices. 


'"'' 
tlvllV" 
vU""'" 
W""" 
Ill •• U"VI"" 
1:SIfl :SIClIICmooe 
of operation (addresses not switching). In APS 
mode, the typical lee current is 1 mA at 5.0V (3 mA 
at3.3V). 


A deep power-down mode of operation is invoked 
when the RP# (called PWD# on the 28F008SA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 !lA, typically, and 


2-4 


levels. In trus mooe, me cevice tyPically draws an 
lee standby current of 70 !lA at 5V Vcc. 


The 28F016XS is available in 56-Lead, 1.2 mm 
thick, 14 mm x 20 mm TSOP and 1.8 mm thick, 16 
mm x 23.7 mm SSOP Type I packages. The form 
factor and pinout of these two packages allow for 
very high board layout densities. 
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2.0 
ADDITIONAL INFORMATION 


Order 
Number 
DocumentITool 


297372 
16-Mbit Flash Product Family User's Manual 


292147 
AP-398 Designing with the 28F016XS 


292146 
AP-600 Performance Benefits and PowerlEnergy 
Savings of 28F016XS- 


Based System Designs 


292163 
AP-610 Flash Memory In-System Code and Data Update Techniques 


292165 
AB-62 Compiled Code Optimizations for Flash Memories 


297500 
Interfacing the 28F016XS to the 1960@Microprocessor 
Family 


297504 
Interfacing the 28F016XS to the Intel486™ Microprocessor 
Family 


294016 
ER-SS ETOXTM Flash Memory Technology-Insight 
to Intel's Fourth 
Generation Process Innovation 


297508 
FLASH Builder Utility 


Contact 
Intel/Distribution 
28F016XS 
Benchmark 
Utility 
Sales Office 


Contact 
Intel/Distribution 
Flash Cycling 
Utility 
Sales Office 


Contact 
Intel/Distribution 
28F016XS 
iBIS Model 
Sales Office 


Contact 
Intel/Distribution' 
28F016XS 
VHDL Model 
Sales Office 


Contact 
Intel/Distribution 
28F016XS 
TimingDesigner· 
Library Files 
Sales Office 


Contact 
Intel/Distribution 
28F016XS 
OrcadlViewlogic 
Schematic 
Symbols 
Sales Office 


This 
complete 
document 
Is available 
from 
Intel's 
World 
Wide 
Webslte 
and/or 
U.S. Literature 
Center: 


World 
Wide Webslte: 
http://www.lntel,com 
U. S. Literature 
Center: 
800-548-4725 


In other geographies, 
please contact your local sales office. 
I 
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16-MBIT (1 MBIT X 16) 
DRAM-INTERFACE 
FLASH MEMORY 


• 
85 ns Access Time (tRAd 
Supports 
both Standard 
and Fast- 
Page-Mode 
Accesses 


•• 
Multlplexed 
Address 
Bus 
RAS# and CASt Control Inputs 


• 
No-Glue 
Interface 
to Many Memory 
Controllers 


• 
SmartVoltage 
Technology 
- 
User-Selectable 
3.3V or 5V Vcc 
- 
User-Selectable 
5V or 12V Vpp 


• 
0.33 MB/sec Write Transfer 
Rate 


• 
x16 Architecture 


• 
56-Lead TSOP Type I Package 


• 
Backwards-Compatible 
with 28F008SA 
Command 
Set 


• 
2.,.A Typical 
Deep Power-Down 
Current 


• 
1 mA Typical lee Active Current 
in 
Static Mode 


• 
32 Separately-Erasable/Lockable 
64-Kbyte 
Blocks 


• 
1 MIllion Erase Cycles per Block 


• 
State-of-the-Art 
0.6 pm ETOXTM IV Flash 
Technology 


Intel's 28F016XD 16-Mbit flash memory is a revolutionary architecture which is the ideal choice for designing 
truly revolutionary high-performance products. Combining its DRAM-like read performance and interface with 
the intrinsic nonvolatility of flash memory, the 28F016XD eliminates the traditional redundant memory 
paradigm of shadowing code from a slow nonvolatile storage source to a faster execution memory, such as 
DRAM, for improved system performance. The innovative capabilities of the 28F016XD enable the design of 
direct-execute code and mass storage data/file flash memory systems. 


The 28F016XD's DRAM-like interface with a rnultlplexed address bus,·flexible Vcc and Vpp voltages, power 
saving features, extended cycling, fast program and read performance, symmetrically-blocked architecture, 
and selective block locking provide a highly flexible memory component suitable for resident flash component 
arrays on the system board or SIMMs. The DRAM-like interface with RAS# and CAS# control inputs allows 
for easy migration to flash memory in existing DRAM-based systems. The 28F016XD's dual read voltage 
allows the same component to operate at either 3.3V or 5.0V Vcc. Programming voltage at 5.0V Vpp 
minimizes extemal circuitry in minimal-chip, space critical designs, while the 12.0V Vpp option maximizes 
program/erase performance. The x16 architecture allows optimization of the memory-to-processor interface. 
Its high read performance combined with flexible block locking enable both storage and execution of 
operating systems/application software and fast access to large data tables. The 28F016XD is manufactured 
on Intel's 0.6 um ETOX IV process technology. 


Order 
Number: 
291574·002 
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Ine datasneet is intended to give an overview of 
the chip feature-set and of the operating AC/DC 
specifications. 
The 1B-MM Flash Product Family 
User's Manual provides complete descriptions of 
the user modes, system interface examples and 
detailed descriptions of all principles of operation. It 
also contains the full list of software algorithm 
flowcharts, and a brief section on compatibility with 
the Intel 28F008SA. 


Significant 28F016XD feature revisions occurred 
between 
datasheet 
revisions 
290533-001 
and 
290533-002. 
These 
revisions 
center 
around 
removal of the following features: 


• 
All 
page 
buffer 
operations 
(read, 
write, 
programming, Upload Device Information) 


• 
Command queuing 


• 
Software Sleep and Abort 


• 
Erase all Unlocked Blocks 


• 
Device Configuration command 


In 
addition, 
a 
significant 
28F016XD 
change 
occurred between datasheet revisions 290532-002 
and 290532-003. This change centers around the 
addition 
of 
a 
3/5# 
pin to 
the 
device's 
pinout 
configuration. 
Figure 
2 
shows 
the 
3/5# 
pin 
assignment for the TSOP Type 1 package. 


lntel recommends that all customers obtain the 
latest revisions of 28F016XD documentation. 


1.1 
Product Overview 


The 
28F016XD 
is a high-performance, 
16-Mbit 
(16,777,216-bit) block erasable, nonvolatile random 
access 
memory, 
organized 
as 
1 Mword x 16. The 28F016XD includes thirty-two 
32-KW (32,768 word) blocks. A chip memory map 
is shown in Figure 3. 
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• 
No-.GlueInterface to Memory Controllers 


• 
Improved Word Program Performance 


• 
SmartVoltage Technology 


- 
Selectable 3.3V or 5.0V Vee 


- 
Selectable 5.0V or 12.0V Vpp 


• 
Block Program/Erase Protection 


The 28F016XD's multiplexed 
address 
bus 
with 
RAS# and CAS# inputs allows for a "No Glue" 
interface 
to 
many 
existing 
in-system 
memory 
controllers. As such, 28F016XD-based SIMMs (72- 
pin JEDEC Standard) offer attractive advantages 
over their DRAM counterparts in many applications: 
For more information on 28F016XD-based SIMM 
designs, see the application note referenced at the 
end of this datasheet. 


The 
28F016XD 
incorporates 
SmartVoltage 
technology, providing Vee operation at both 3.3V 
and 5.0V and program and erase capability at Vpp = 
12.0V or 5.0V. Operating at Vee = 3.3V, 
the 
28F016XD consumes less than 60% of the power 
consumption at 5.0V Vee' while 5.0V Vee provides 
the highest read performance capability. Vpp = 5.0V 
operation eliminates the need for a separate 12.0V 
converter, 
while 
Vpp 
12.0V 
maximizes 


. program/erase performance. 
In addition to the 
flexible program and erase voltages, the dedicated 
Vpp gives complete code protection with Vpp !> 
VpPLK• 


A 3/5# input pin configures the device's internal 
circuitry for optimal 3.3V or 5.0V read/program 
operation. 


A Command User Interface (CUI) serves as the 
system interface between the microprocessor or 
microcontroller and the internal memory operation. 


I 


Intemal 
Algorithm 
Automation 
allows 
word 
programs 
and 
block 
erase 
operations 
to, be 
executed using a Two-Write command sequence to 
the CUI in the same way as the 26F008SA 8-Mbit 
FlashFile™ memory. 


Software Locking of Memory Blocks is an added 
feature 
of the 
28F016XD as compared to the 
28F008SA. 
The 
28F016XD 
provides 
selectable 
block locking to protect code or data such as direct- 
executable operating systems or application code. 
Each block has an associated nonvolatile lock-bit 
which determines the lock status of the block. In 
addition, the 28F016XD has a master Write Protect 
pin (WP#) which. prevents any modifications to 
memory blocks whose lock-bits are set. 


Writing, of 
memory data 
is performed in word 
increments typically within 6 us (12.0V Vpp)-a 
33% improvement 
over the 28F008SA. A blo~k 
erase operation erases one of the 32 blocks In 
typically 0.9 sec (12.0V Vpp), independent of the 
other blocks, which is about a 65% improvement 
over the 28F008SA. 


Each block can be written and erased a minimum of 
100,000 cycles. Systems can achieve one million 
Block 
Erase 
Cycles 
by 
providing wear-Ieveling 
algorithms and graceful block retirement. These 
techniques have already been employed in many 
flash file systems and hard disk drive designs. 


All operations are started by a sequence of Write 
commands to the device. Three types of Status 
Registers (described in detail later in this datasheet) 
and a RY/BY# output pin provide information on the 
progress of the requested operation. 


The following Status Registers are used to provide 
device and WSM information to the user: 


• 
A Compatible Status Register (CSR) which is 
100% compatible with the 28F008SA FlashFile 
memory Status Register. ThE!CSR, when used 
alone, 
provides 
a 
straightforward 
upgrade 
capability to the 28F016XD from a 28F008SA- 
based design. 
, 


• 
A Global Status Register (GSR) which also 
informs 
the 
system 
of 
overall 
Write 
State 
Machine (WSM) status. 
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• 
• 
32 
Block 
Status 
Registers 
(BSRs) 
which 
provide block-specific status information such 
as the block lock-bit status. 


The GSR and' BSR memory maps are shown in 
Figure 4. 


The 28F016XD incorporates an open drain RYIBY# 
output pin. This feature allows the user to OR-tie 
.many RY/BY# pins together in a multiple memory 
configuration SUChas a Resident Flash Array. 


The 28F016XD is specified for a maximum fast 
page mode cycle time of 65 ns (tpc R) at 5.0V 
operation (4.75V to 5.25V) over the 'commercial 
temperature range'(O°C to +70°C). A corresponding 
maximum fast page mode cycle time of 75 ns at 
3.3V 
(3.0V 
to 
3.6V 
and 
O°C 
to 
+70°C) is achieved for reduced power consumption 
applications. 


The 28F016XD incorporates an Automatic Power 
Saving (APS) feature, which substantially, reduces 
the active current'when the device is in static mode 
of operation (addresses not 'switching). In APS 
mode, the typical lee current is 1 mA at 5.0V (3.0 
mA at3.3V). 


A deep power-down mode of operation is invoked 
when the RP# (called PWD# on the 28F008SA) pin 
transitions low. This mode brings the device power 
consumption to less than' 2.0 J.lA, typically, and 
provides additional write protection by acting as a 
device reset pin during power transitions. A reset 
time of 300 ns (5.0V Vcc operation) 
is required 
from RP# swltchinq high until dropping RAS#. In the 
deep power-down state, the WSM is reset (any 
current operation will abort) and the CSR, GSR and 
BSR,registers are cleared. 


A CMOS standby mode of operation is enabled 
'when 
RAS# and CAS# transition high and RP# 
stays high with all input control pins at CMOS 
levels, In this mode, the device typically draws an 
lee standby current of 70 J.lAat 5.0V Vcc. 


The 28F016XD is available in a 56-Lead, 1.2 mm 
'thick, 14 mm x 20 mm TSOP Type I package. This 
form factor .and pinout allow for very high board 
layout densities. 
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2.0 
ADDITIONAL 
INFORMATION 


Order 
Number 
DocumentITool 


297372 
16-Mbit Flash Product 
Family 
User's Manual 


292092 
AP-357 
Power Supply Solutions 
for Flash Memory 


292123 
AP-374 
Flash Memory 
Write Protection 
Techniques 


292126 
AP-377 
16-Mbit Flash Product 
Family Software 
Drivers, 
J 
28F016SAlSV/,KD/,KS 


292131 
AP-384 
Designing 
with the 28F016XD 


292163 
AP-610 
Flash Memory 
In-System 
Code and Data Update 
Techniques 


292168 
, 


AP-614 
Adapting 
DRAM Based Designs 
for the 28F016XD 


292152 
AB-58 28F016XD-Based 
SIMM Designs 


292165 
AB-62 
Compiled 
Code Optimizations 
for Flash Memories 


294016 
ER-33 ETOXTM Flash Memory 
Technology-Insight 
to Inters 
Fourth 
Generation 
Process 
Innovation 
. 


297508 
FLASH Builder Utility 


Contact 
Intel/Distribution 
28F016XD 
Benchmark 
Utility 
Sales Office 


Contact 
Intel/Distribution 
Flash Cycling 
Utility 
Sales Office 


Contact 
Intel/Distribution 
28F016XD 
iBIS Models 
Sales Office 


Contact 
Intel/Distribution 
28F016XD 
VHDUVerilog 
Models 
Sales Office 


Contact 
Intel/Distribution 
28F016XD 
TimingDesigner* 
Library Files 
- 


Sales Office 


Contact 
Intel/Distribution 
28F016XD 
Oread and ViewLogic 
Schematic 
Symbols 
Sales Office 


This 
complete 
document 
is available 
from 
Intel's 
World 
Wide 
Website 
and/or 
U.S. Literature 
Center: 
World 
Wide 
Website: 
http://www.lntel.com 
U. S. Literature 
Center: 
800-548-4725 


In other geographies, 
please contact your local sales office. 


2-10 
I 


• 
30.S MB/sec 
Burst Write Transfer 
Rate 


• 
0.4S MB/secSustainable 
Write Transfer 
Rate 


• 
Configurable 
xS or x16 Operation 


• 
56-Lead 
TSOP and SSOP Type I 
Packages 


__ 
•••••• _ •• 
,.._.- 
__ 
• __ 
.,1"," 1••• 
1IIiiii" 
2SFOOSSA 
Page Buffer Program 


• 
.2~A Typical 
Deep Power-Down 


• 
32 Independently 
Lockable 
Blocks 


.' 
State-of-the-Art 
0;6 pm ETOXTM IV Flash 
Technology 


Intel's 28F016SV 16-Mbit FlashFile™ memory is a revolutionary architecture which is the ideal choice for 
designing embedded direct-execute code and mass storage data/file flash memory systems. With innovative 
capabilities, low-power operation, user-selectable Vpp voltaQe and high read/program performance, the 
.28F016SV enables the design of truly mobile, high-performance personal computing and communications 
products. 


The 28F016SV is the highest'density, highest performance nonvolatile read/program solution for solid-state 
storage applications. Its symmetrically-blocked architecture (100% compatible with the 28F008SA 8-Mbit and 
28F016SA 16-Mbit FlashFile memories), extended cycling, flexible Vcc and Vpp voltage (SmartVoltage 
technology), fast program and read performance and selective block locking, provide a highly-flexible memory 
component suitable for Resident Flash Arrays, high-density memory cards and PCMCIA-ATA flash drives.. 
The 28F016SV's dual read voltage enables the design of memory cards which can be read/written ln3.3V 
and 5V systems interchangeably, Its x8/x16 architecture allows optimization of the memory-to-processor 
interface. The flexible block locking option enables bundling of executable application software in a Resident 
Flash Array or memory card, The 28F016SV is manufactured on Intel's 0.61lm ETOX IV process technology. 


Order 
Number: 
290575·002 
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28F016SV 
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MEMORY 


1.0 
INTRODUCTION 


The documentation of the Intel 28F016SV memory 
device includes this datasheet, a detailed user's 
manual, and a number of application notes and 
design 
tools, 
all 
of .which 
are 
referenced 
in 
Appendix B. 


The datashset is intended to give an overview of 
the chip feature-set and of the operating AC/DC 
specifications. The 16-Mbit Flash Product Family 
User's Manual provides complete descriptions of 
the user modes, system interface examples and 
detailed descriptions of all principles of operation. It 
also contains the full list of software algorithm 
flowcharts, and a brief section on compatibility with 
the Intel 28F008SA. 


A significant 28F016SV change occurred between 
datasheet revisions 290528-003 and 290528-004. 
This change centers around the addition of a 3/5# 
pin to the device's pinout configuration. Figures 2 
and 3 show the 3/5# pin assignment for TSOP and . 
• SSOP Type 1 packages. Intel recommends that all 
customers obtain the latest revisions of 28F016SV 
documentation. 
. 


1.1 
EnhancedFeatures 


The 28F016SV is backwards compatible with the 
28F016SA and offers the following enhancements: 


• 
SmartVoltage Technology 


- 
Selectable 5V or 12V Vpp 


• 
Vpp Level Bit in Block Status Register 


• 
Additional RY/BY# Configuration 


- 
Pulse-On-Program/Erase 


• 
Additional Upload Device Information 
Command Feedback 


Device Proliferation Code 


Device Configuration Code 


1.2 
ProductOverview 


The 
28F016SV 
is a high-performance, 
16-Mbit 


(16,777,216-bit) block erasable, nonvolatile random 
access 
memory, 
organized 
as. 
either 
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1 Mword x 16 or 2 Mbyte x 8. The 28F016SV 
includes thirty-two 64-KB (65,536 byte) blocks or 
thirty-two 32-KW (32,768 word) blocks. 
A chip 
memory map is shown in Figure 4. 


The implementation of a new architecture, with 
many enhanced features, will improve the device 
operating 
characteristics 
and 
result 
in 
greater 
product reliability and ease-of-use. 


The 
28F016SV 
incorporates 
SmartVoltage 
technology, providing Vcc operation at both 3.3V 
and 5V and program and erase capability at Vpp = 
12V or 5V. Operating at Vcc = 3.3V, the 28F016SV 
consumes 
approximately 
one 
half 
the 
power 
consumption at 5V Vcc' while 5V Vcc provides the 
highest read performance capability. 
Vpp = 5V 
operation eliminates the need for a separate 12V 
converter, 
while 
Vpp 
12V 
maximizes 
program/erase 
performance. 
In addition 
to 
the 
flexible program and erase voltages, the dedicated 
Vpp gives complete code protection with Vpp$ 
VpPLK• 


A 3/5# input pin configures the device's intemal 
circuitry 
for 
optimal 
3.3V .or 
5V 
read/program 
operation. 


A Command User Interface (CUI) serves as the 
system interface between the microprocessor or 
microcontroller and the intemal memory operation. 


Intemal 
Algorithm 
Automation 
allows 
byte/word 
programs 
and 
block 
erase 
operations 
to 
be 
executed 
using 
a 
TWO-Program 
command 
sequence to the CUI in the same way as the 
28F008SA 8-Mbit FlashFile™ memory. 


A super-set of commands has been added to the 
basic 28F008SA command-set to achieve higher 
program 
performance 
and 
provide 
additional 
capabilities. These new commands and features 
'include: 


• 
Page Buffer Programs to Flash 


• 
Command Queuing Capability 


• 
Automatic Data Programs during Erase 


• 
Software Locking of Memory Blocks 


• 
Two-Byte 
Successive 
Programs 
in 
8-bit 
Systems 


• 
Erase All Unlocked Blocks 
J 


intel~ 


Writing of memory data is performed in either byte 
or 
word 
increments 
typically 
within 
6 
IJs 
(12V 
Vpp)-a 
33% 
improvement 
over 
the 
28F008SA. A block erase operation erases one of 
the 
32 
blocks in typically 
0.6 sec 
(12V Vpp), 
independent of the other blocks, which is about a 
65% improvement over the 28F008SA. 


Each block can be written and erased a minimum of 
100,000 cycles. Systems can achieve one million 
Block 
Erase 
Cycles 
by 
providing wear-Ieveling 
algorithms and graceful block retirement. These 
techniques have already been employed in many 
flash file systems and hard disk drive designs. 


The 28F016SV incorporates two Page Buffers of 
256 bytes (128 words) each to allow page data 
programs. 
This 
feature 
can 
improve a system 
program performance by up to 4.8 times over 
previous flash memory devices, which have no 
Page Buffers. 


All 
operations 
are 
started 
by 
a 
sequence 
of 
Program commands to the device. Three Status 
Registers (described in detail later in this data~heet)' 
and a RY/BY# output pin provide information on the 
progress of the requested operation. 


While 
the 
28F008SA 
requires an 
operation to 
complete ,before 
the 
next 
operation. can 
b.e 
requested, the 28F016SV allows queuing of the 
next operation while the memory executes the 
current.operation. This eliminates system overhead 
when writing several bytes in a row to the array or 
erasing several 
blocks at the same time. The 
28F016SV can also perform program operations to 
one block of memory while performing erase of 
another block. 


The 28F016SV provides selectable block locking to 
protect 
code or data such as 
Device Drivers, 
PCMCIA card information, ROM-Executable O/S or 
Application Code. Each block has an associated 
nonvolatile lock-bit which determines the lock status 
of the block. In addition, the 28F016SV has a 
master Write Protect pin (WP#) which prevents any 
modifications to memory blocks whose lock-bits are 
set. 


The 28F016SV 
contains three types 
of Status 
Registers to accomplish various functions: 


• 
A Compatible Status Register (CSR) which is 
100% compatible with the 28F008SA FlashFile 
memory Status Register. The CSR, when used 
I 


28F016SV 
FlashFlle™ 
MEMORY 


alone, 
provides 
a 
straightforward 
upgrade 
capability to the 28F016SV from a 28F008SA- 
based design. 


• 
A Global Status Register (GSR) which informs 
the system of command Queue status, Page 
Buffer status, and overall Write State Machine 
(WSM) status. 


• 
32 
Block 
Status 
Registers 
(BSRs) 
which 
provide block-specific status information such 
as the block lock-bit status. 


The GSR and BSR memory maps for byte-wide and 
word-wide 
modes 
are 
shown 
in 
Figures 
5 
and 6. 


The 28F016SV incorporates an open drain RY/BY# 
output pin. This feature allows the user to OR-tie 
many RY/BY# pins together in a multiple memory 
configuration such as .aResident Flash Array. 


Other configurations of the RYIBY# pin are enabled 
via special CUI commands and are described in 
detail in the 16-Mbit Flash Product Family User's 
Manual. 


The 
28F016SV's 
enhanced 
Upload 
Device 
Information command provides access to additional 
information that the 28F016SA previously did not 
offer. This command uploads the Device Revision 
Number, 'Device 
Proliferation Code and 
Device 
Configuration Code to the page buffer. The Device 
Proliferation Code for the 28F016SV is 01H, and 
the Device Configuration Code identifies the current 
RY/BY# configuration. Section 4.4 documents the 
exact page buffer address locations for all uploaded 
information. A subsequent Page Buffer Swap and 
Page 
Buffer 
Read 
command 
sequence 
is 
necessary to read the correct device information. 


The 
28F016SV also 
incorporates 
a dual 
chip- 
enable function with two input pins, CEo# and CE1#. 
These pins have exactly the same functionality as 
the regular chip-enable pin, CE#, on the 28F008SA. 
For minimum chip designs, CE1# may be tied to 
ground and system logic may use CEo# as the chip 
enable 
input. The 
28F016SV 
uses the 
logical 
combination of these two Signals to enable or 
disable the entire chip. Both CEo# and CE1# must 
be active low to enable the device. If either one 
becomes inactive, the chip will be disabled. This 
feature, along with the open drain RY/BY# pin, 
allows the system designer to reduce the number of 
control pins 
used in a large 
array of 
16-Mbit 


devices. 
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The 
BYTE# 
pin 
allows 
either 
x8 
or 
x16 
read/programs to the 28F016SV. BYTE# at logic 
low selects 8-bit mode with address Ao selecting 
between the low byte and high byte. On the other 
hand, BYTE# at logic high enables 16-bit operation 
with address Al becoming the lowest order address 
and address Ao is not used (don't care). A device 
block diagram is shown in F~gure1. 


The 28F016SV is specified for a maximum access 
time of 65 ns (tAccl at 5V operation (4.75V to 
5.25V) 
over the commercial temperature 
range 
(ODCto +70DC).A corresponding maximum access 
time of 75 ns at 3.3V (3.0V to 3.6V and ODCto 
+70DC)is achieved for reduced power consumption 
applications. 


The 28F016SV incorporates an Automatic Power 
Saving (APS) feature, which substantially reduces 
the active current when the device is in static mode 
of operation (addresses not switching). In APS 
mode, the typical Icc current is 1 mA at 5V (3.0 mA 
at3.3V). 
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A deep power-down mode of operation is invoked 
when the RP# (called PWD# an the 28F008SA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 !lA, typically, and 
provides additional program protection by acting as 
a device reset pin during power transitions. A reset 
time of 400 ns (5V Vcc operation) is required from 
RP# switching high until outputs are again valid. In 
the Deep Power-Down state, the WSM is reset (any 
current operation will abort) and the CSR, GSR and 
BSR registers are cleared. 


A CMOS standby mode of operation is enabled 
when either CEc# or CE1# transitions high and RP# 
stays high with all input control pins at CMOS 
levels. In this mode, the device typically draws an 
'cc standby current of 70 !lA at 5V Vcc. 


The 
28F016SV 
will 
be 
available 
in 
56-lead, 


1.2 mm thick, 14 mm x 20 mm TSOP and 56-lead, 
1.8 mm thick, 
16 mm 
x 23.7 
SSOP 
Type 
I 


packages. The form factor and pinout of these two 
packages allow for very high board layout densities. 
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1.0 
INTRODUCTION 


This document includes a feature overview, pinouts, and 
memory. maps for Inte\'s 
SmartVoltage 
boot block 


family, including 2/4/8-Mbit densities. These products 
offer feature and function compatibility with the boot 
block 
architecture, 
along 
with 
the 
SmartVoltage 


technology (SVT) outlined below. Follow the design 
steps in Section 5.0 to upgrade 12V Vppdesigns to SVT. 


2.0 
BOOT BLOCK ARCHITECTURE 


Inte\' s boot block architecture products offer the familiar 
features that optimize it for updateable firmware storage. 
These features include: 


• 
Hardware-lockable boot block for secure kernel code 
storage 


• 
Parameter blocks for parameter storage 


• 
Main blocks for modular code updates, facilitating 
updateable firmware 


• 
x8 or x16user-selectable 110 operation 


• 
RP# for reset and write protection 


• . PSOP and TSOP packages 


Intel has integrated its SmartVoltage technology into the 
boot block family in order to increase the voltage 
flexibility of these components. 


3.0 
PINOUT COMPATIBLE DENSITY 
UPGRADES 


In addition, Intel is providing density upgrades with 
pinout compatibility for the 2-Mbit, 4-Mbit, and 8-Mbit 
densities. The pinouts in Figures 2, 3, 
and 4 illustrate 


these compatible upgrade paths. 
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Figure 1. The SmartVoltage 
Technology 
Boot 
Block 
Line Features 
a Plnout-Compatlble 
Upgrade 
Path 
I 


AB-60 


4.0 
NEW SmartVoltage 
TECHNOLOGY FEATURES 


SmartVoltage offers the following new features: 


I. Voltage Flexibility 


• 
Vcc = 2.7-3.6V, 
3.3V iO.3V or 5V ±1O% with 


enhanced 
circuits 
to 
optimize 
low-voltage 


performance when low power consumption is critical. 


• 
Program/erase operation with Vpp = 5V for con- 
venient in-system writes without a DC-DC converter 
or Vpp = 12V when write/erase performance is a 
concern, such as during production. 


2. Write Protection 


• 
'VIP# pin replaces a DU pin and is used in con- 
junction with the Vppand RP# pins, as detailed in the 
table below, to control write protection of the boot 
block. 
(WP# 
pin 
not 
available 
on 
8-Mbit 


44-lead PSOP. In this package, treat as if the WP# pin 
is internally tied low, effectively eliminating the last 
row of the table below.) 


Vpp 
RP# 
WP# 
Write 
Protection 


V1L 
X 
X 
All Blocks Locked 


;::VpPLK 
V1L 
X 
All Blocks Locked (Reset) 


;::VpPLK 
VHH 
X 
All Blocks Unlocked 


;::VpPLK 
V1H 
V1L 
Boot Block Locked 


;::VpPLK 
V1H 
V1H 
All Blocks Unlocked 


5.0 
UPGRADING FROM·12V TO SVT 


If you have designs using 12V Vppboot block products, 
you must adhere to the following design steps to ensure 
you can upgrade to SVT: 


I. If using 5V program/erase; allow for connecting Vpp 


to 5V and disconnecting Vppfrom 12V. 


2. If adding a switch on Vpp for write protection, switch 
to GND instead of Vcc. 


3. Connect WP# (DU on existing products) to Vcc, 


GND, or a control signal. This pin should not be left 
floating. The DU pin on BXlBL products can be 
driven to a logic-level in order to provide upgrade 
compatibility. 
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Mll 
M" 
M" 
I; 
35 
D07 
D07 
D07 
Ag 
Ag 
Ag 
7 
28FOO2B 
34 
DOs 
D06 
DOS 
Aa 
Aa 
Aa 
8 
Boot Block 
33 
DOs 
DOs 
DOs 
WE# 
WE# 
WE# 
9 
4O-Leacl TSOP 
32 
D04 
D04 
D04 
RP# 
RP# 
RP# 
10 
10 rnnx 20 mm 
31 
VCC 
VCC 
Vcc 
Vpp 
Vpp 
Vpp 
11 
30 
VCC 
VCC 
VCC 
WP# 
~ 


WP# 
12 
29 
NC 
NC 
NC 


A1a 
NC 
13 
TOP VIEW 
28 
D03 
D03 
D03 
A7 
A7 
14 
27 
D02 
D02 
D02 
As 
As 
A6 
15 
26 
DO, 
DO, 
DO, 
As 
As 
As 
16 
25 
DOo 
DOo 
DOo 
A4 
A4 
A4 
17 
24 
OE# 
OE# 
OE# 
A3 
A3 
A3 
18 
23 
GND 
GND 
GND 
A2 
A2 
A2 
19 
22 
CE# 
CE# 
CE# 
A, 
A, 
A, 
20 
21 
Ao 
Ao 
Ao 


2154-02 


NOTE: 
The 28F008B 
pinout shown 
is for the 8-Mbit boot block, and not the 28FOO8SA FlashFile™ 
memory. 


Figure 2. The 4~-Lead TSOP Offers the Smallest 
Form Factor for Space-Constrained 
Applications 


28F8OO 


Vpp 


~ 17 
A7 
A. 
As 
A, 
A3 
, 
A2 
A, 
A. 
CE# 
GND 
OE# 


DO. 
DO. 
DO, 
DO. 
D02 
DO,. 
D03 
DO" 


28F4OO 
28F400 
28R1OO 


Vpp 
Vpp 
10 
RP# 
RP#~ 
RP# 
WP# 
WP# 
2 
WE# 
WE# 
WE# 


~ 
A17 
3 
A. 
A, 
A. 


7 
A7 
4 
A. 
A. 
A. 
A. 
A. 
5 
A,. 
A,. 
A,. 
As 
As 
6 
PA28F200 
A" 
A" 
A" 
A, 
A, 
7 
Boot Block 
A'2 
A'2 
A'2 
A3 
A3 
8 
44-Lead 
PSOP 
A13 
A13 
A13 
A2 
A2 
9 
0.525" x 1.110" 
A" 
A,. 
A,. 
A, 
A, 
10 
A" 
A" 
A" 
A. 
A. 
11 
TOP VIEW 
A,. 
A,. 
A,. 
CE# 
CE# 
12 
BYTE# 
BYTE# 
BYTE# 
GND 
GND 
13 
GND 
GND 
GND 
OE# 
OE# 
14 
DOIS/A_, 
DOIS/A., 
DO,,/A_, 
DO. 
DO. 
15 
D07 
D07 
D07 


DO. 
DO, 
16 
DO ,. 
DO ,. 
DO ,. 
DO, 
DO, 
17 
DO. 
DO. 
DO. 
DO. 
DO. 
18 
DO 13 
DO 13 
DO 13 
D02 
D02 
19 
DOs 
DOs 
DOs 
DO to 
DO,. 
20 
DO '2 
DO '2 
DO '2 
D03 
D03 
21 
DO, 
DO, 
DO, 
DO" 
DO" 
22 
Vcc 
Vcc 
Vcc 


2154-03 


NOTE: 
For the 8-Mbit device, 
pin 2 has been changed 
to A,a (WP# on 214-Mbit). 
Designers 
planning 
to upgrade 
to 
the 8-Mbit density 
from the 214-Mbit density 
in this package 
should 
design 
pin 2 to control WP# functionality 
at the 214-Mbit level and allow for pin 2 to control 
A,8 after upgrading 
to the 8-Mbit density. 


Figure 3. The 44-Lead PSOP Offers a Convenient 
Upgrade 
from JEDEC ROM Standards 
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28F800 
28F400 
28F400 
28F800 


A,s 
A,s 
A,s 
1 0 
A16 
A16 
A16 
A,4 
A,4 
A14 
2 
BYTE# 
BYTE# 
BYTE# 
A,3 
A,3 
A'3 
3 
GNO 
GNO 
GNO 
A,2 
A,2 
A'2 
4 
0015/A-, 
001s'A_1 
DQ15/A_1 


A" 
All 
All 
5 
007 
007 
DQ7 
A,o 
A,o 
AlO 
6 
0014 
0014 
0014 
Ag 
Ag 
Ag 
7 
006 
006 
006 
As 
Aa 
Aa 
8 
0013 
0013 
0013 
NC 
NC 
NC 
9 
005 
005 
005 
NC 
NC 
NC 
10 
28F200 
0012 
0012 
0012 
WEll. 
WEll. 
WEll. 
11 
Boot Block 
004 
004 
0°4 
RP# 
RP# 
RP# 
12 
48-Lead TSOP 
Vcc 
Vcc 
Vcc 
Vpp 
Vpp 
Vpp 
13 
12mmx 
20mm 
0011 
0011 
0011 
WP# 
WP# 
WP# 
14 
003 
003 
003 
NC 
NC 
15 
TOP VIEW 
0010 
0010 
0010 
~ 
NC 
NC 
16 
002 
002 
D~ 
17 <¥> 
NC 
17 
009 
009 
009 
A7 
A7 
18 
001 
001 
001 
A6 
A6 
A6 
19 
008 
008 
DOs 
As 
.As 
As 
20 
000 
000 
000 
A4 
A4 
A4 
21 
OE4I 
OEII. 
OE# 
A3 
A3 
A3 
22 
GND 
GND 
GND 
A2 
A2 
A2 
23 
CEll. 
CEll. 
CEll. 


A, 
A 
A 
24 
AO 
AO 
AO 
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Figure 4. The 48-Lead TSOP Offers the Smallest 
Form Factor for x16 Operation 


28F400 
28F400 


NC 
NC 
1 0 
NC 
NC 
NC 
NC 
2 
A,6 
A,6 
A,s 
A,s 
3 
BYTE# 
BYTE# 
A14 
A14 
4 
GNO 
GNO 
A,3 
A'3 
5 
OO,s/A_, 
OO,s/A_, 
A,2 
A,2 
6 
0°7 
0°7 
All 
All 
7 
gg,4 
~~4 
A,o 
A,o 
8 
6 
Ag 
Ag 
9. 
0°'3 
00,3 
As 
As 
10 
DOs 
DOs 
NC 
NC 
11 
28F200 
0°'2 
00,2 
NC 
NC 
12 
Boot Block 
0°4 
0°4 
WE# 
WE# 
13 
56-Lead TSOP 
VCC 
VCC 
RP# 
RP# 
14 
14mmx20mm 
Vcc 
Vcc 
NC 
NC 
15 
0°11 
0°11 
NC 
NC 
16 
TOP VIEW 
003 
003 
Vpp 
Vpp 
17 
00,0 
00,0 
WP# 
WP# 
18 
002 
002 


~ 


NC 
19 
DOg 
DOg 
NC 
20 
DO, 
DO, 
A7 
A7 
21 
OOs 
OOs 
6 
A6 
22 
000 
000 
As 
As 
23 
OE4I 
OEI 
A4 
A4 
24 
GNO 
GNO 
A3 
A3 
25 
CE# 
CE4I 
A2 
A2 
26 
Aa 
Aa 
A, 
A, 
27 
NC 
NC 
NC 
NC 
28 
NC 
NC 
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Figure 5. The 56-Lead TSOP Offers Compatibility 
between 2 and 4 Mblts 
I 
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7.0 
MEMORY MAPS 


28F002-T 


3FFFFH 
16-Kbyte 
BOOT 
BLOCK 
~~rm~ 
1--8--K-b-yt-e-p-A-R-A-M-E-T-E-R-BL-O-C-K-l 


3AOOOH 


39FFFH 
8-Kbyte 
PARAMETER 
BLOCK 
38000H 


·37FFFH 
96-Kbyte 
MAIN BLOCK 
l~m:1-------------1 


128-Kbyte 
MAIN BLOCK 


OOOOOH L- 
.J 


28FOO4-T 


16-Kbyte 
BOOT 
BLOCK 


8-Kbyte 
PARAMETER 
BLOCK 


8-Kbyte 
PARAMETER 
BLOCK 


96-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


EOOOOH 
DFFFFH 


28F800-T 


FFFFFH 


FCOOOH 
FBFFFH 


FAOOOH 
F9FFFH 


F8000H 
F7FFFH 


16-Kbyte 
BOOT 
BLOCK 


8-Kbyte 
PARAMETER 
BLOCK 


8-Kbyte 
PARAMETER" 
BLOCK 


96-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


128-Kbyte 
MAIN BLOCK 


7FFFFH 


7COOOH 
7BFFFH 


7AOOOH 
79FFFH 


78000H 
77FFFH 


60000H 
SFFFFH 


40000H 
3FFFFH 


20000H 
1FFFFH 


OOOOOH 


COOOOH 
BFFFFH 


AOOOOH 
9FFFFH 


BOOOOH 
7FFFFH 


6OO00H 
SFFFFH 


40000H 
3FFFFH 


20000H 
1FFFFH 


OOOOOH 


"" 
NOTE: 
These memory maps apply to the 28FOO2l004/008-T 
components, or the 28F200/400/800-T 
components 
in byte-wide (x8) mode. 


Figure 
6. 
Byte-Wide 
x8-Mode 
Memory 
Maps 
(Top Boot) 
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3FFFFH 


96-Kbyte 
MAIN 
BLOCK 


12B-Kbyte 
MAIN BLOCK 
12~m~ 
1------------1 


OO:~~~ 
1--8--K-byt-e-p-AR-AM-ET-E-R-,B-L-OC-K-t 
:m~ 
1--8--K-byt"'-e-p-AR-AM-ETE--R-BL-OC-K-t 
~m~1------------1 
16-Kbyte 
BOOT 
BLOCK 
OOOOOH 1...- 
.....1 


28F002-B 


12S-Kbyte 
MAIN BLOCK 


12S-Kbyte 
MAIN BLOCK 


12S-Kbyte 
MAIN BLOCK 


96-Kbyte 
MAIN BLOCK 


S-Kbyte 
PARAMETER 
BLOCK 


S-Kbyte 
PARAMETER 
BLOCK 


16-Kbyte 
BOOT 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


128-Kbyte 
MAIN 
BLOCK 


96-Kbyte 
MAIN 
BLOCK 


S-Kbyte 
PARAMETER 
BLOC 


S-Kbyte 
PARAMETER 
BLOC 


16-Kbyte 
BOOT 
BLOCK 


FFFFFH 


EOOOOH 
DFFFFH 


COOOOH 
BFFFFH 


AOOOOH 
9FFFFH 


8OO00H 
7FFFFH 


8OO00H 
SFFFFH 


40000H 
3FFFFH 


20000H 
lFFFFH 


O9000H 
07FFFH 
O6000H 
OSFFFH 


O4000H 
03FFFH 


OOOOOH 
28f800.B 


NOTE: 
These memory maps apply to the 2SFOO2l004/00S-B 
components, or the 2SF200/400/S00-B 
components 
in byte-wide (x8) mode. 


7FFFFH 


60000H 
SFFFFH 


40000H 
3FFFFH 


20000H 
lFFFFH 


0800PH 
07FFFH 
08000H 
OSFFFH 


04000H 
03FFfH 


OOOOOH 
28FOO4-B 


Figure 
7. 
Byte-Wide 
x8-Mode 
Memory 
Maps (Bottom 
Boot) 


I 
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{~~~---'--~'-'--'-'-'-'-"-'--'----'----~-~--'- 
11~~1-_8-_KI:1yt....:...e_p_ARAM 
__ 
ET_ER_/3I.-'_OCK 
__ 


•...·-.Jl~""· '" 
••••"••.•,•.••••..••... 
_ •..•.• 
, 


• 8-KI:1yte PARAMETER 
BLOCK 


96-KI:1yte MAIN BLOCK 


128-KI:1yte MAIN BLOCK 


128-KI:1yteMAIN BLOCK 


128-KI:1yte MAIN BLOCK 


- 
-J-- 
.. - - - .._. - . --- _. - 


8-KI:1yte PARAMETER 
BLOCK 


96-KI:1yte MAIN BLOCK 


128-KI:1yte MAIN BLOCK 


128-KI:1yte MAIN BLOCK 


128-KI:1yte MAIN BLOCK 


128-KI:1yte MAI~ BLOCK 


128-KI:1yte MAIN BLOCK 


128-KI:1yte MAIN BLOCK 


128-KI:1yte MAIN BLOCK 


7[)()()()H 
7CFFFH 
7COOOH 
7BFFFH 


70000H 
SFFFFH 


60000H 
5FFFFH 


50000H 
4FFFFH 


40000H 
3FFFFH 


30000H 
2FFFFH 


20000H 
lFFFFH 


l0000H 
OFFFFH 


OOOOOH 


(Word addresses shown) 
NOTE: These memory maps apply to the denoted 28F200/400/800-Tcomponents 
in word-wide (xIS) mode. 


,,,. 


9&Kbyte 
MAIN BLOCK 


J=~~~------------~------~ 


128-KI:1yteMAIN BLOCK 


3DOOOH 
3CFFFH 
3COOOH 
3BFFFH 


3OOJOH 
2FFFFH 


20000H 
lFFFFH 


l0000H 
OFFFFH 


OOOOOH 


OOOOOHL- 
~ 


Figure 
8. 
Word-Wide 
x16-Mode 
Memory 
Maps 
(Top Boot) 
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3FFFFH 


:JXXX)-I 
2FFFFH 


2000CH 
lFFFFH 
lFFFFH 


128-Kbjte MI\IN 8...00< 


laxD-1 
lcxxx:H 
OFFFFH 
OFFFFH 
~e 
MI\IN B...OO< 


04<XXJ-f 
04<XX:H 
CX3FFA-t 
&Kbjte 
PAfWv£TER 
B...OO< 
CX3FFA-t 
ancH 
coo:xl-l 
02FFFH 
&Kbjte 
PAfWv£TER 
B...OO< 
02FFA-1 
oa:xni 
oa:xni 
01FFFH 
16-Kbjte BJOr B...OO< 
01FFA-1 


00XX)i 
00XX)i 
2.8f200.B 


128-Kbjte MI\IN 8...00< 


128-Kbjte tvWN B...OO< 


128-Kbjte MI\IN 8...00< 


96-Kbjte MI\IN B...OO< 


&Kbjte PAFWv£TER B...OO< 


&Kbjte 
PAFWv£TER!l.OO< 


16-Kbjte BJOr B...OO< 


28f400.B 


(Word addresses shown) 


NOTE: 
These memory maps apply to the denoted 28F2001400/800-B 
components in word-wide (x16) mode. 


AB-60 


7FFFFH 


128-Kbjte tvWN B...OO< 


128-Kbjte tvWN B...OO< 


128-Kbjte tvWN 8...00< 


128-Kbjte tvWN B...OO< 


128-Kbjte tvWN B...OO< 


128-Kbjte tvWN B...OO< 


128-Kbjte tvWN B...OO< 


96-Kbjte tvWN 8...00< 


&Kbjte 
PACIAVErER 8...00< 


&Kbjte 
PACIAVErER 8...00< 


16-Kbjte BJOr ~ 
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Figure 9. Word-Wide x16-Mode Memory Maps (Bottom Boot) 
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:JXXX)-I 
2FFFFH 


2000CH 
lFFFFH 


lcxxx:H 
OFFFFH 
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8.0 
PRODUCT 
OFFERINGS 


Product 
Density x Org. 
Pkg. 
Speed (ns) (Vcc 
Speed (ns) 
Extended 
= 5V) 
(Vcc = 3.3V) 
T~mperature 


28F001BX 
1 Mb, 128Kx8 
P:N,E 
70,90,120,150 
" 
28F200BX 
2 Mb, 256Kx8/128Kx16 
PA,E 
60,80,120 
" 
28F002BX 
2 Mb, 256Kx8 
E 
60, 80, 120 
" 
28F200BL 
2 Mb, 256Kx8/128Kx16 
PA,E 
(1) 
150 
,,(2) 


28F002BL 
2 Mb, 256Kx8 
E 
(1) 
150 
,,(2) 


28F400BX 
4 Mb, 512Kx8/256Kx16 
PA,E 
60,80,~20 
" 
28F004BX 
4 Mb, 512Kx8 
E 
60,80,120 
" 
28F400BL 
4 Mb, 512Kx8/256Kx16 
PA,E 
(1) 
150 
,,(2) 


28F004BL 
4 Mb, 512Kx8 
E 
(1) 
150 
,,(2) 


12V ProgramlErase 
Boot Block Products 


NOTES: 


1. 
The BL products 
also operate 
at 5V Vcc for programmer 
compatibility. 


2. 
-20°C 
- +70°C 
operating 
range for Read; -{J°C - +70°C 
for program 
and erase. 


Product 
Density x Org. 
Pkg 
Speed (ns) 
Speed (ns) 
Speed (ns) 
Extended 
(Vcc= 
5V) 
(Vcc = 3.3V) 
(Vcc = 2.7V) 
Temp. 


28F200BV 
2 Mb, 256Kx8/128Kx16 
44,56 
60,80,120 
110, 150, 180 
" 
28F200CV 
2 Mb, 256Kx8/128Kx16 
48 
60,80,120 
110, 150, 180 
" 
28F002BV 
2 Mb, 256Kx8 
40 
60,80,120 
110,150,180 
" 


- 


28F400BV 
4Mb,512Kx8/256Kx16 
44,56 
60,80,120 
110,150,180 
" 
28F400CV 
4 Mb, 512Kx8/256Kx16 
48 
60,80,120 
110,150,180 
" 
28F004BV 
4 Mb, 512Kx8 
40 
60,80,120 
110,150,180 
" 
28F800BV 
8 Mb, 1024Kx8l512Kx16 
44 
70,120 
120,150 
" 
28F800CV 
8 Mb, 1024Kx8/512Kx16 
48 
70,120 
120,150 
" 
28F008BV' 
8 Mb, 1024Kx8 
40 
70,120 
120,150 
" 
28F800CE 
8 Mb, 1024Kx8/512Kx16 
48 
90 
120 
" 
28F008BE 
8 Mb, 1024Kx8/512Kx16 
40 
90 
120 
" 


SmartVoltage 
Boot Block Products 


NOTES: 


1. BV products 
also operate 
at Vcc = 5V for high-performance'. 


2. BE,iCE products 
operate 
over the Vcc 
ranges 
2.7-3.6V 
and 5V ±10%. 
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9.0 
ORDERING 
INFORMATION 


AB-60 


Operating T~ature 
T = Extended Temp 
Blank = Commercial Temp 


Package 
E=TSOP 
PA = 44-Lead PSOP 
TB = Ext. Temp 44-Lead PSOP 


Product line designator 
for alllntel 
Flash products 


DensIty I Organization 
OOX= x8-only ()< '" 1. 2. 4. 8) 
XOO= x8/x16 Selectable (X = 2. 4. 8) 


Access Speed 
ns, BE: Vcc = 2.7V 
BV:Vcc =5V 
T=TopBoot 
' 


B = Bottom Boot 


Voltage Options 
(Vpp/ Vcc ) 


V = (5 or 12/3,3 
or 5) 
E = (5 or 12 / 2.7 or 5) 
X=(12/5) 
L = (12/3,3 
or 5) 


Architecture 
B = Boot Block 
C = Compact 48-Lead TSOP 


Boot Block 


2154·10 


FI,gure 10. 
Deco~lng 
the Product 
Names 


10.0 
ADDITIONAL 
INFORMATION 


10.1 
Revision History 


Number 
Description 


-001 
Original Version 


-902 
Text updated. 
DU and WP# pin usage clarified. 
Note and "B" suffixes added to Figure 2. 
SmartVoltage 
Boot Block Products table: Speeds added to 28F800 and 28F008. 
2.7V 
products added. 
Figure 10 updated. 


·1 
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28F016XSli960® 
MICROPROCESSOR 
INTERFACE 


1.0 INTRODUCTION 


This 
technical 
paper 
describes' 
several 
designs 


interfacing 
the 
high-performance 
28FOl6XS 
flash 
memory 
to 
the 
i960® 
microprocessor 
family. 
All 
designs 
are 
based 
on 
preliminary 
28FOl6XS 


specifications. 
Please 
contact 
your Intel or distribution 


sales 
office 
for 
up-to-date 
specifications 
before 
finalizing 
any design. 


The 
28FOl6XS 
is 
a 
lfi-Mbit 
block 
erasable 
flash 
memory 
with 
a 
high-performance 
synchronous 
pipelined 
read 
interface. 
This 
optimized 
interface 
can 


sustain 
a 
high 
read 
transfer 
rate 
and 
makes 
the 
28FOl6XS 
the 
ideal 
flash 
memory 
component 
when 
interfacing 
to 
a' 
burst 
processor, 
such 
as 
the 
i960 
microprocessor. 
The 
28FOl6XS 
combines 
ROM-like 
nonvolatility, 
DRAM-like 
read performance 


and in-system 
updateability 
in one memory 
technology. 


These 
characteristics 
enable 
code 
execution 
directly 
from 
the 
28FOI6XS, 
replacing 
the costly 
practice 
of 


shadowing 
code 
from 
HDD 
or ROM 
to DRAM 
for 


improved 
performance. 
With 
the 28FOI6XS, 
you can 
construct 
a 
high-performance, 
cost-effective 
system 


solution for use with a burst microprocessor. 


The 28FOl6XS 
performs 
synchronous 
pipelined 
teads. 
Up to three accesses 
can be initiated 
before reading data 
output 
from 
the 
initial 
cycle. 
This 
synchronous 
pipelined 
structure 
makes 
if ideal for use with the i960 
microprocessor. 
The 28FOl6XS 
takes full advantage 
of 
the 
processor's 
burst 
transfer 
mechanism, 
bringing 


significant 
system 
performance 
enhancements 
to an 
i960 microprocessor-based 
application. 
This 
technical 
paper. 
describes· 
processor-to-memory 
interfaces 
that 
exploit 
these capabilities 
to achieve 
maximum 
system 
performance. 
Figures 
I and 2 illustrate 
relative 
system 
performance 
enhancements 
that the 28FO 16XS brings 
to 
an 
i960 
microprocessor-based 
environment, 
compared 
to other 
memory 
technologies. 
The bench- 
mark parameters 
are documented 
in Appendix 
B. 
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Figure 1. Relative System 
Performance 
of the 
28F016XS 
Compared 
to Other Memory 
Technologies 
in an i960 
KB·25 Microprocessor- 
Based Design 
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Figure 2. Relative System 
Performance 
of the 
28F016XS 
Compared 
to Other Memory 
Technologies 
In an 1960 CA-33 
Processor-Based 
Design 
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33MHz 
CLKIN 
Clock 
Input 


CLKMODE 
5V 


7."',-," 


RESEH 
PCLK 


ADS* I-----t-<~---~ 
W/R* 
BLASH 


CTR 
A 2.' 


Vpp 
Switched 
5Vor 
12V 
ADV* 
ADV* 
OE* 
OE* 
VCC 
WEN 
WEN 
5V 
BYTE* 
5V 
31541 
OV 
Interface 
WP* 
GPIO 
logic 
RESET* 
RY/Bn 
INT 
(22V1G-15) 


Figure 3. Minimal 
Logic Required 
In Interfacing 
the 28F016XS-15 
to the 1960 CA-33 Microprocessor 
to 
Sustain ;3-0-0-0-2-0-0-0 ... 
Burst Plpellned 
Read Performance 
up to 33 MHz 


Using 
this 
interface, 
an 
i960 
CA-33 
microprocessor- 
based 
system 
executing 
code 
directly 
out 
of 
the 


28FOl6XS 
can achieve 
3-0-0-0-2-0-0-0 
... wait-state 
read 


performance. 
This interface 
supports 
both burst transfers 


and address 
pipelining. 
For schematic 
and programmable 
logic device (PLO) files contact your Intel or distribution 
sales office. 


2.1 Circuit Description 


implemented 
in the 
PLO, 
loads 
from 
the processor's 


lower addresses 
at the beginning 
of each memory 
cycle 


and 
generates 
subsequent 
burst 
addresses 
on 
outputs 


CTR 1-0. The 
counter 
feeds 
burst 
addresses 
to 
the 


28FO l6XSs 
to prevent 
access 
stalling, 
while the devices 


wait for the processor 
to supply the next address. 


Chip Select Logic 


This section 
describes 
the 28FOI6XS-lS 
interface 
to the 


i960 CA-33 
microprocessor. 
The block diagram 
for this 


design is illustrated 
in Figure 3. 


Chip select 
decode 
logic may use A31-22 to generate 
an 
active low chip select signal, CE#, for the 28FOI6XS-lS 
memory 
space 
and other 
system 
peripherals. 
The chip 


select drives 
CEo# on each 28FOI6XS-lS 
and a control 


input 
to the 
PLO. 
The 
28FOI6XS-lS's 
CEl# 
input 
is 


grounded. 
Memory 
Configuration 


This 
design 
uses two 28FOI6XS-lSs, 
in xl6 
mode, 
to 


match 
the 
i960 
CA 
microprocessor's 
32-bit 
data 
bus, 
providing 
4 Mbytes of flash memory. 
Signals A21-4 from 


the i960 CA microprocessor 
and CTRI-O from the PLO 


select 
locations 
within 
the 
28FOl6XS 
memory 
space, 


arranged 
as 
l-Meg 
double 
words. 
A two-bit 
counter, 


In support 
of address 
pipelining, 
the chip 
select 
logic 


latches CE#, holding 
it active throughout 
the duration 
of 


the 
memory 
access. 
This 
will 
prevent 
potential 
CE# 


problems 
caused 
by 
using 
combinatorial 
logic 
when 
utilizing 
the address 
pipelining 
capability 
of i960 
CA 
microprocessor. 
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If address pipelining functionality is not implemented, 
simple combinatorial logic can be utilized in generating 
the system CE# for the 28FOl6XS memory space, and 
the chip select logic shown in Figure 3 does not examine 
BLAST# and ADS#. For many systems using the upper 
address bits in a linear selection scheme may provide a 


, 


28F016XSli960® 
MICROPROCESSOR 
INTERFACE 


sufficient number of chip select signals, thus eliminating 
system chip select decode logic. (See Figure 4 for. an 
example of using linear selection for chip selects.) When 
using a linear chip select scheme however, the software 
must avoid using addresses that may select more than 
one device, which could result'in bus contention. 


Separate Address Bus 


A 22 I-- 
Chip Select 1 


1960® 
A 23 I-- 
Chip Select 2 
Processor 


A 24 I-- 
Chip Select 3 


Multlplexed 
Address I Data Bus 


'" 


A22 


LAD31·o ./ 
A23 
1960® 
-V 
Octal 


Processor 
Latches 
A 24 


, 


Chip Select 1 


Chip Select 2 


Chip Select 3 


Chip Select 
Address Space 


1 
01800000 - 01BFFFFF·H 
2 
01400000 - 017FFFFF H 
3 
OOCOOOOO- OOFFFFFF H 


Figure 4. Example of Using Linear Chip Selection 


Flash 


Memory 


Vcc 
RP# 
• 


I 


Voltage 
Monitor 


MRI 
PWR 
GOOD 
R 


MAX706 


ESET# 


"""_00 


Figure 5. Example RESET Generation Circuitry 
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28F016XSli960Q3) MICROPROCESSOR 
INTERFACE 


CLKOptlon 


A 
33 
MHz 
clock 
signal 
drives 
the 
i960 
CA 


microprocessor CLKIN input. Driving CLKMODE to a 
logic "I" configures the i960 CA microprocessor for a 
Ix CLK input. The i960 CA microprocessor outputs an 
internally-referenced 33 MHz clock on its PCLKI and 
PCLK2 pins (the signals on PCLKI and PCLK2 are 
identical), which drives the CLK inputs of the PLD and 
the 28FOI6XS-15s. 


Reset 


An active-low reset signal, RESET#, connects to the 
RESET# inputs of the i960 CA microprocessor, and 
PLD, and to the RP# input of the 28F016XS-15s. 
Figure 5 illustrates a suggested logic configuration for 
generating RESET#. 


Interface Control Signals 


The i960 CA-33 microprocessor external bus signals, 
BLAST#, ADS# and W/R#, serve as inputs to the state 
machine. The state machine controls the two-bit counter 
and generates OE#, WE# and ADV#. The counter is 
loaded at the beginning of the memory access, then 
generates the initial and subsequent burst addresses to the 
28FOI6XS-15s. ADV# indicates that a valid address is 
available to the 28FOI6XS-15. Addresses are latched and 
a read cycle is initiated on rising CLK edges with ADV# 
active. 
During 
write 
operations, 
the 
28F016XS-15s latch data on the rising edge of WE# if 
the applicable timing requirements are satisfied. 


Configuration 
Signal 


A general purpose input/output (GPIO) generates a 
configuration signal (CFG) input to the state machine. 
The configuration signal must reset to logic "0" on 
power-up and system reset to ensure that the operation of 
the state machine matches the initial configurations of the 
28F016XS-15s 
and 
i960 
CA 
microprocessor. 
After 
optimizing 
the 
28FOI6XS-J5s 
and 
i960 
CA 
microprocessor, the system must drive CFG to a logic 
Hl." 


Additional 28F016XS Control Signals 


The BYTE# input to the 28F016XS-15s is tied to 5.0V to 
configure the 28F016XS-15s for x16 mode, and Ao and 
3/5# inputs are tied to GND (Ao is only used for byte 
addressing). A GPIO controls the write protect input, 
WP#, to the 28F016XS-15s. As shown in Figure 3, the 
28F016XS-15 is compatible with either a 5.0V or a 
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12.0V Vpp voltage and is completely write protected by 
switching Vpp to GND. When Vpp drops below VPPLK, 
the 28FOI6XS-15 will not complete program and erase 
operations successfully. Figure 3 also illustrates the 
RY/BY# output connected to a system interrupt for 
background erase operation. RY/BY#, WP#, and Vpp 
implementation 
are 
application 
dependent. 
See 
the 


Additional Information section of this technical paper for 
documentation that cover these topics in more detail. 
, 


2.2 Software Interface Considerations 


Boot-Up Capability/Configuration 


This interface supports processor boot-up' from the 
28F016XS memory space upon power-up or system 
reset. 
However, the 
boot 
code 
must 
follow 
some 


restrictions 
until 
it 
has 
properly 
configured 
the 
28F016XS-15s, i960 CA microprocessor and CFG valve. 
In 
the 
default 
configuration 
state, 
the 
i960 
CA 


microprocessor supports only non-burst reads and writes. 
Program control should jump to an area of RAM to 
execute 
the configuration 
sequence. The code 
will 
configure the 28F016XS-15s and all necessary i960 CA 
microprocessor programmable attributes before setting 
the CFG input to logic "I." 
Table I illustrates the 
required 
configuration 
settings 
for 
both 
the 
28F016XS-15s and i960 CA-33 microprocessor. 


Table 1. Configuration 
Settings for the 
28F016XS-15 and 1960CA-33 Microprocessor 
Employing Address Plpellnlng at 33 MHz 
Part 
Parameter 
Setting 


28F016XS-15 
SFI Configuration 
2 
(5VVcd 
1960CA-33 
Ready Inputs 
OFF 
Microprocessor 


Byte Ordering 
LITTLE 
ENDIAN 


Bus Width 
32-BIT 


~~ 
Wait-States: 
3 
Nrad 


Nrdd 
0 


Nwad 
2 


Nwdd 
2 


Nxda 
0 


Address Pipelining 
ON 


Burst Mode 
ON 
I 


intet~ 
28F016XSIi960® 
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INTERFACE 


2.3 
Single and Burst Read Cycle 
Description 
at 33 MHz 


Refer to the read cycle timing diagrams (Figures 7 and 8) 
and the state diagram (Figure 6) for the following read 
cycle discussion. 


7''''U)6 


BLAST"! 


NOTE: 


OE# and WE# are clocked 
on the inverted elK edge 


Figure 6. Read State Diagram of Single and Address 
Plpelined 
Burst Control Interface Shown 
In Figure 3 


.l 
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CFG 
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5 
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......;i... 
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! 
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·1 
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v 
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~ 
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, 
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Figure 7. Example 
Read Cycle, Initial Configuration, 


Showing 
Key Specifications 
Requiring 
Consideration 


I. 


28F016XSli960® 
MICROPROCESSOR 
INTERFACE 


Optimized 
Configuration 
immediately re-entering the read cycle. Otherwise, the 
state machine will return to its inactive state waiting for a 
new access targeting the 28FO16XS memory space. 
Figure 
8 illustrates 
a two double-word 
burst read 


followed by a four double-word burst read with the 
28FOI6XS-15s, 
i960 
CA- microprocessor 
and 
state 


machine configured for optimum read performance. With 
CFG = "I," the counter increments the two lower bits of 
the address at N = 2, N = 3 and N = 4, and ADV# 
remains asserted so that the 28FOl6XS-15latches in four 
successive 
addresses 
at 
N 
= 
2 
through 
5. 
With 


SF! Configuration = 2, the first data will be available at N 
= 5 for the processor to read. If a second read cycle 
follows 
the 
current 
read 
cycle, 
the 
i960 
CA 


microprocessor 
will 
assert 
ADS# 
one 
clock 
after 


asserting BLAST#. The state machine will respond by 


When implementing the i960 CA microprocessor address 
pipelining capability, the state machine controlling CE# 
monitors the upper address lines, ADS# and BLAST#. 
CE# is held active upon detecting an access targeting the 
flash memory space until BLAST# is asserted with ADS# 
de-asserted. When BLAST# and ADS# are active at the 
same time, a pipelined read access is in progress. If the 
current pipelined access targets the 28FOl6XS memory 
space, the CE# state machine will hold CE# active until 
BLAST# is sampled active again. 


A 3-2mx:......L.j_-+-_+-----+_-+--'X 
k i 
~ 


D31.0 ~~-t--_+--+--~OGD2i:·t! 
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Figure 8. Example Two Double-Word 
Burst Read Followed 
by Plpelined 
Four Double Word Burst Read 
Showing 
Key Specifications 
Requiring 
Consideration 


I 
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Critical 
Timings 
data 
hold 
from 
CE# 
going 
high, 
the chip 
select 
state 


machine 
must hold CE# active for S ns to satisfy the i960 


CA-33 
microprocessor 
data input hold specification 
of S 


ns. Hence, the chip select state machine 
holds CE# active 


for an additional 
clock 
period 
after 
detecting 
BLAST# 


active. 


Table 
2 
describes 
the 
critical 
timings 
illustrated 
in 
Figures 
7 and 8. One such critical timing is the data hold 
time. 
The 
i960 
CA-33 
microprocessor 
requires 
a S ns 
hold 
time 
after 
the 
clock 
edge. 
The 
28FOI6XS-IS 
guarantees 
a S ns data 
hold 
after 
clock, 
meeting 
the 
processor's 
hold requirement 
with 0 ns of margin. 
The i960 CA-33 
microprocessor 
control 
outputs 
ADS# 
and W/R# have 3 ns of margin 
and BLAST# 
has S ns of 


margin to meet the 22VIO-IS 
input setup requirement. 
This 
design 
provides 
7 ns of margin 
to meet the 3 ns 
setup time of the i960 CA-33 microprocessor 
data inputs, 


outputting 
data tCHQYafter a rising CLK edge. 
Consult 
the appropriate 
datasheets 
for complete 
timing 


information. 


Another 
critical 
timing 
concerns 
CE# during 
pipelined 
read 
accesses. 
Since 
the 
28FO 16XS-IS 
specifies 
zero 


Part 
Symbol 
Parameter 
Minimum 
Specified 
Value 
(ns) 


22V10-15 
tsu1 
Input Setup Time to ClK 
9 


i960 CA-33 
T1S1 
Input Setup 031-0 
3 


Microprocessor 
TIH1 
Input Hold 031-0 
5 


28F016XS-15 
tELCH 
CE# Setup to ClK 
-. 
25 
- 


tYLCH 
A0Y.# Setup to ClK 
15 


tAVCH 
Address 
Setup to ClK 
15 


~LCH 
DE# Setup to ClK 
15 


Table 2. Example 
Read Cycle Timing 
Specifications 
at 5V Vcc 


NOTE: 
Consult appropriate 
datasheets 
for up-to-date specifications. 
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2.4 
Single and Burst Write Cycle 
Description at 33 MHz 


Refer to the write cycle timing diagrams and the state 
diagram 
(Figure 
9) 
for the 
following 
write cycle 
discussion. 


Figure 9. Write State Diagram for the Interface 
Logic Shown 
In Figure 3 


I 


Initial COhflguratlon 


Figure 10 illustrates a write cycle. In the reset/power-up 
configuration state, the interface supports only non-burst 
writes. The i960 CA microprocessor initiates a write 
cycle by asserting ADS# with WIR# = "I." At N= 
J, the 


two-bit counter loads the values on address bits A3.2.The 
state machine asserts WE# (to meet timing requirements, 
WE# is falling-edge triggered) on the faIling edge 
between N = I and N = 2. WE# remains asserted for two 
clock periods, in order to meet the 28F016XS-15 timing 
requirements. The state machine then enters a holding 
state until the processor asserts BLAST#, after which 
time the interface state machine will return to an idle 
state. 


Optlmlzed 
Configuration 


Figure II illustrates an optimized two double-word burst 
write cycle. When the first data write is completed at 
N = 4, the counter increments the two lower address bits, 
and the state machine asserts WE# on the next faIling. 
clock edge to begin the next the 28FO16XS-15 data 
write. The i960 CA microprocessor must provide the 
next data during the clock period following N = 4. The 
data writes continue to the next consecutive addresses 
until the i960 CA microprocessor asserts BLAST#, 
indicating the end of the burst write cycle. 
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Figure 10. Example Write Cycle, Initial Configuration, 
Showing Key Specifications 
Requiring Consideration 
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1 
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Figure 11. Example Two Double-Word Burst Write 
illustrating 
Key Specifications 
Requiring Considerations 
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Critical 
Timings 
Also notice 
that CTRI-O must be valid 
before 
WE# 
is 
asserted. 
CTRI-O 
are 
guaranteed 
valid B 
ns after 
the 
rising clock edge. providing 
9 ns of margin. 
Table 
3 describes 
the 
critical 
timings 
illustrated 
in 
Figures 
10 and 11. 


One 
critical 
hold 
time 
to 
notice 
is tWHAX. WE# 
is 


guaranteed 
to transition 
within S.ns from the falling clock 
edge. 
Therefore. 
the 
tWHAX requirement 
has 
2 ns of 
margin for CTRI-O and 5 ns of margin for A31-4 inputs. 


Consult 
the 
appropriate 
datasheets 
for 
full 
timing 
information. 


Table 3. Example 
Write 
Cycle Timing 
Parameters 
at 5V Vcc 


Part 
Symbol 
Parameter 
Minimum 
Specified 
Value 
(ns) 


22V10-15 
tSU1 
Input Setup Time to ClK 
9 


28F016XS-15 
tELWL 
CE# Setup to WE# Going low 
0 


tAvWL 
Address 
Setup to WE# Going low 
0 


tWLWH 
WE# Pulse Width 
50 


tOVWH 
Data Setup to WE# Going High 
50 


tWHOX 
Data Hold from WE# High 
0 


tWHAX 
Address 
Hold from WE# High 
.- 
5 


tWHEH 
CE# Hold from WE# High 
5 


NOTE: 
Consult appropriate 
datasheets 
for up-to-date specifications. 


[ 
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3.0 Optimlzed 1960JF MICROPROCESSOR INTERFACE 


~ 
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Figure 12. Minimal Interface logic 
Required In Interfacing the 28F016XS·15 to the 
1960JF·33 Microprocessor 
to Sustain 2-0-0-0 Burst Read Performance up to 30 MHz 


Using this particular 
design, 
the 28FOl6XS 
interface 
to 


the i960 JF-33 microprocessor 
can achieve 
2-0-0-0 
wait- 
state read performance 
up to 30 MHz, 
supporting 
burst 


transfers. 
Contact 
your Intel or distribution 
sales office 


for schematic 
ana PLD files for the design 
documented 


in the section. 


See Section 4.0 for an alternative 
i960 JF design. 


3.1 Circuit Description 


This design, illustrated 
in Figure 
12, uses two 28F016XS- 


15s 
to 
match 
the 
32-bit 
data 
bus 
of 
the 


i960 JF-33 
microprocessor. 
Four 
octal 
latches, 
enabled 


by the LE signal, 
de-multiplex 
the 32-bit 
address 
from 


the AD bus. 
The latched 
address 
bits QA21-4 and the 


. counter 
outputs 
CTRI-O 
from 
the PLD 
select 
locations 


within 
the 28FOl6XS 
memory 
space. 
A two-bit 
counter 


implemented 
in 
the 
PLD 
loads 
and 
increments 
the 


processor's 
lower address 
lines at the beginning 
of each 


memory 
cycle. 
The 
processor 
supplies 
the 


28F016XS-15s 
with 
the 
initial 
address 
during 
a read 


transaction, 
and 
the 
counter 
provides 
the 
subsequent 
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burst 
addresses 
for the remaining 
duration 
of the read 
transaction. 


ClK Option 


A 
30 
MHz 
clock 
signal 
drives 
the 
i960 
JF 


microprocessor 
CL KIN 
input. 
The 
buffer 
delays 
tlie 
system CLK and drives the PLD and 28FOI6XS-15s. 
The 


buffer 
introduces 
an 
intentional 
system 
clock 
skew, 


which provides 
additional 
time for the processor 
to meet 


the 28FOI6XSs' 
address setup time on the initiai memory 


access. 
At a slower 
operating 
frequency, 
this intentional 
delay 
may 
not be required 
to satisfy 
the 28FOI6XSs' 


address setup specification. 


Multiplexer (MUX) 


To achieve this wait-state 
profile, the processor 
loads the 


28FOl6XSs 
with the initial address directly. 
The interface 


logic enables 
the MUX to permit 
the processor's 
lower 


address 
lines, 
A3-2, access 
to the lower 
flash 
memory 


address 
lines during the initial access of a burst or single 
read transaction. 
Next, 
the interface 
logic 
switches 
the 


data flow path through 
the MUX. The integrated 
two-bit 


counter 
then 
takes 
over, 
driving 
the 28FOI6XSs' 
A2-1 


address 
inputs. 
The' counter 
supplies 
the flash memory 
with 
consecutive 
burst 
addresses 
for 
the 
remaining 
duration 
of the read transaction. 
. 


Reset 


An active-low 
reset signal, 
RESET#, 
drives the RESET# 


inputs 
of 
the 
i960 
JF 
microprocessor 
and 
PLD 
and 


28FO 16XS-I5s. 
Figure 
5 illustrates 
a suggested 
logic 
configuration 
for generating 
RESET#. 


Interface 
Control Signals 


The processor's 
ADS# 
and W/R# signals, 
just as in the 
i960 CA microprocessor 
design, 
serve 
as inputs 
to the 


state machine. 
The state machine 
controls 
an integrated 
two-bit 
counter 
and generates 
the OE#, WE# and ADV# 


signals 
for the 28FO 16XS-I5s. 
The state 
machine 
also 


generates 
the 
RDYRCV# 
signal 
to 
the 
i960 
JF 
microprocessor 
to control the wait-state 
profile. 


Configuration 
Signal 


A general 
purpose 
input/output 
(GPIO)' 
generates 
the 


configuration 
signal (CFG) for input to the state machine. 


The configuration 
signal 
must be reset to logic 
"0" 
on 
power-up 
and system 
reset to ensure 
coherency 
between 


the state machine 
and 28FOI6XS-I5s. 
After 
optimizing 


the 
28FO 16XS-I5s, 
the 
reconfiguration 
signal 
must 


switch 
to a logic 
"I" 
to take 
advantage 
of .the new 


configuration. 


I 
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Additional 
Control 
Signals 


For information 
regarding 
3/5#, BYTE#, 
WP#, RY/BY# 


and Vpp, see Section 2.1. 


3.2 
Software 
Interface 
Considerations 


Boot-Up 
Capability 


This 
interface 
supports 
processor 
boot -up 
from 
the 
28FOI6XS-15 
memory 
space 
after 
power-up 
or system 


reset. 
The 
initial 
system 
configuration 
will 
execute 


4-1-1-1 
wait-state 
read 
performance 
until 
the 
SFI 


Configuration 
is set to 2 and CFG input is set to logic 
"I." 
Program 
control 
should jump to an area of RAM to 


execute 
the configuration 
sequence. 
A pseudocode 
flow 


for this configuration 
sequence 
is shown below. 


Execute 
Device Configuration 
command 
sequence 


Activate 
CFG signal 
End' 


The SF! Configuration 
must be set to 2 before 
the CFG 


input is setto 
logic "I." 
Thereafter, 
burst read wait-state 


performance 
will improve 
to 2-0-0-0. 
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Figure 13. Read State Diagram 
of Burst Control 
Interface 
Shown 
in Figure 
12 
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Figure 14. Example 
Four Double-Word 
Burst Read In Initial Configuration 
Showing 
Key Specifications 
Requiring 
Consideration 


Initial Configuration 
two-bit 
counter 
then 
drives 
the 
flash 
memory's 
lower 
address 
lines 
for 
the 
remaining 
duration 
of 
the 
read 


transaction. 
The 
state 
machine 
asserts 
ADV# 
at 
N 
= 
3 
to 
load 
the 
next 
read 
address 
into 
the 


28FOI6XS-15s. 
De-asserting 
ADV# 
for one clock cycle 


(at N =' 2. 4. 6 and .8) between 
accesses 
forces 
the 


28F016XS-15s 
to hold data output 
for two clock cyclrs 


(access 
stretching). 
which 
allows 
time 
for the data 
to 


stabilize 
and meet the timing requirements 
of the i960 JF 
microprocessor 
bus. 
. 


Figure 
14 illustrates 
a four double-word 
burst read cycle 


with 
the 
28F016XS-15s 
and 
state 
machine 
in 
a 


reset/power-up 
configuration 
state. 


Initially. 
the interface 
logic drives LE. ADV# and MUX 


active 
while 
waiting 
for the processor 
to initiate 
a read 


cycle 
targeting 
the 28FOI6XSs. 
With 
the MUX 
active, 
the 
processor 
drives 
the 
lower 
flash 
memory 
address 


lines 
in anticipation 
of a flash 
memory 
access. 
During 


this anticipation 
state. CE# is active 
to prevent 
a tELCH 


violation 
on the first access 
initiated 
by the processor. 


The 
delayed 
CLK 
also 
prevents 
a 
possible 
timing 


violation 
from occurring 
by providing 
the processor 
with 


sufficient 
time 
to 
meet 
the 
28FOI6XSs' 
tAVCH 


specification. 


While 
ADV# 
is 
asserted. 
the 
counter 
increments. 


providing 
the 
flash 
memory 
with 
successive 
burst 
addresses. 
The state machine 
asserts 
OE# 
at N = 4 to 


enable 
the 28F016XS-15 
data output 
buffers. 
With 
the 


SFI 
Configuration 
= 4, the 
data 
will 
be valid 
at the 
i960 JF microprocessor 
data inputs 
at N = 6. 8. 10 and 
12. 
When 
the i960 JF microprocessor 
initiates 
a read cycle 


by asserting 
ADS# 
with W/R# = "0." the state machine 


loads and increments 
the two-bit counter. 
The counter 
is 


incremented 
upon the initial 
load sequence 
because 
the 


processor 
supplies 
the 
flash 
memory 
with 
the 
initial 


address. 


The 
state 
machine 
asserts 
RDYRCV# 
to 
inform 
the 


i960 JF microprocessor 
that data is valid. 
RDYRCV# 
is 


returned 
active 
at N = 6, 8. 10 and 12. Upon detecting 
BLAST# 
active. 
the interface 
will transition 
to its idle 


state where it waits for the start of a new bus cycl~. 


The state 
machine 
will de-assert 
ADV# 
at N = I and 


switches 
the 
data 
flow 
path 
through 
the 
MUX. 
The 


I. 
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Qptlmlzed 
Configuration 
After the first access is initiated at N = I, ADV# is held 
active and the counter increments through the remaining 
burst sequence. Data from the initial access will be 
available at N = 4. Subsequent data will be valid at 
N = 5, 6 and 7. All other signal monitoring 
and 
generation is identical to the initial configuration read 
cycle documented in the preceding section. 


Figure 15 illustrates a four double-word burst read with 
the 28FO16XS-15s and state machine configured for 
optimum read performance. While the state machine 
waits for the i960 JF microprocessor to initiate a read: 
cycle, ADV#, LE and MUX are held active providing the 
processor access to the flash memory's lower address 
lines. 
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Figure 15. 
Example 
Four Double-Word 
Burst Read 
illustrating 
Important 
Timing 
Parameters 
Requiring 
Consideration 
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Critical Timings 


In 
these 
two 
configurations, 
there 
are 
some 
critical 


timings 
that need to be examined. 
Table 4 depicts 
these 


critical timings 
which are illustrated 
in Figures 
14 and 15. 


First, the buffer 
delay Can cause timing 
violations 
if not 


chosen 
correctly. 
The purpose 
of the buffer is to provide 


sufficient 
time for the processor 
to load the 28FO 16XSs 


with 
the 
initial 
address 
during 
a 
read 
transaction. 


Therefore, 
the buffer 
must have a minimum 
delay 
that 


satisfies the flash memory's 
tAVCH. 


Latch Delay - tOVI - tAVCH-I/CLKIN 
= Buffer Delay 
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MICROPROCESSOR 
INTERFACE 


As the previous 
equation 
illustrates, 
the minimum 
buffer 


delay 
is 
dependent 
upon 
several 
different 
variables: 


CLKIN 
frequency 
and latch delay. 
At a slow operation 


frequency, 
the interface 
does not require a buffer delay. 


The buffer can also affect the processor's 
data setup time. 


Hence, 
the buffer 
must 
have 
a maximum 
delay 
of no 
greater than: 


I/CLKIN 
- tcHQV - trsr = Buffer Delay 


Consult 
the appropriate 
datasheets 
for complete 
timing 
information. 


Table 4 
Example 
Read Cycle TIming 
Parameters 
at 5V Vcc 


Part 
Symbol 
Parameter 
Minimum 
Specified 
Value 


(ns) 


Buffer 
tpHL,PLH 
Buffer Delay 
1.5 


22V10-15 
tsu1 
Input Setup Time to ClK 
9 


28F016XS-15 
tELCH 
CE# Setup to ClK 
25 


tVLCH 
ADV# Setup to ClK 
15 


tAVCH 
Address 
Setup to ClK 
15 


1c3LCH 
DE# Setup to ClK 
15 


NOTE: 


Consult 
appropriate 
datasheets 
for up-to-date 
specifications. 


I 
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Figure 16. Write State Diagram of Burst Control 
Interface 
Shown 
In Figure 12 
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The 
state 
machine 
asserts 
WEt 
(to 
meet 
timing 


requirements, WEt 
is falling-edge triggered) on the 
falling edge between N = I and N = 2. 
WEt remains 


asserted 
for four clock periods, 
in order to meet 
28F016XS-15 timing requirements. The state machine 
asserts ~DYRCV# for N = 4 to inform the i960 JF 
microprocessor to supply the next data. At N = 4, the 
counter increments the two lower address bits, and the 
state machine asserts WEt on the next falling clock edge 
to begin the next data write to the 28F016XS-15s. The 
data writes continue until the processor asserts BLAST#, 
noting the end of the current write transaction. The SFI 
Configuration has no effect on the write cycle. 
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Figure 
17. Two Double-Word 
Burst 
Write 


Critical 
Timings 
is asserted. CTR 1.0 are guaranteed to be valid 8 ns after 
the rising clock edge, providing 
12 ns of margin. 


Table 5 describes the critical timings illustrated in Figure 
17. 
Consult 
the 
appropriate 
datasheets 
for 
full 
timing 


information. 
Notice that CTRI.O, and CS# must be valid before WE# 


Table 5 
Example 
Write Cycle 
Timing 
Parameters 
at 5V Vcc 


Part 
Symbol 
Parameter 
Minimum 
Specified 
Value 
(ns) 


22V10-15 
• tSU1 
Input Setup Time to CLK 
9 


28F016XS-15 
tElWL 
CE# Setup to WE# Going Low 
0 


tAVWL 
Address 
Setup to WE# Going Low 
0 


tWLWH 
WE# Pulse Width 
50 


tovWH 
Data Setup to WE# Going High 
50 


tWHOX 
Data Hold from WE# High 
0 


tWHAX 
Address 
Hold from WE# High 
5 


tWHEH 
CE# Hold from WE# High 
5 


NOTES: 
. 


Consult 
appropriate 
datasheets 
for up-to-date 
specifications. 
l 
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4.0 
Standard 
i960 JF MICROPROCESSOR 
INTERFACE 


AIIIII"""'" 
AD 
31.() 
015'() 
~L 
IJ 
CA 2,.. 
A20-3 
I960QDJF 
Y 
ChlpSe*t 
Microprocessor 
u1chea 
CE' 
~ 
I 


Logic 
I 


28F016XS 


ALE '---------t 


CE, 
~ 
CTR 
A2·, 


A 3-2 
Vpp 
f- 


ADS' 
ADV, 
ADV, 
W/R, 
OE' 
OE, 
Vee 
BLASTI 
WE' 
WE' 
I- 


BYTE' 
t- 
RDYCRV, 
3/51 
t- 
InterftIC. 
WP, 
~ 


Logtc 
RESETI---I 
RP' 
RY/BY, 
RESETI 
RESEn 
(22V1G-15) 
r 


CLK 
CLKIN 
CFG 
·1 


/" 


33MHz 
Clock 
- 
Input 


7S0(U8 


Figure 18. Minimal Interface Logic Required 
In Interfacing 
the 28F016XS-15 
to the 
1960 JF-33 Microprocessor 
to Sustain 3-0-0-0 Burst Read Performance 
up to 33 MHz 


The 
28F016XS-15 
interface 
to 
the 
i960 
IF-33 
microprocessor, 
illustrate 
in Figure 
18, delivers 
3-0-0-0 
wait-state 
read performance 
up to 33 MHz. The design 
requires 
only 
one 
22V I0 
to 
handle 
all 
interfacing 
requirements. 
Contact 
your 
Intel 
or 
distribution 
sales 
office 
for 
schematic 
and 
PLO 
files 
for 
the 
interface 
documented 
in this section. 


See Section 3.0 for an alternative 
design. 


4.1 
Circuit Description 


This interface 
is very similar 
to the optimized 
i960 IF 
design 
described 
in Section 
3.0. This 
design 
however, 
eliminates 
the buffer 
and multiplexer 
requirement. 
For 


specific 
circuitry 
information 
involved 
in this standard 


interface, 
reference 
Section 3.0. 


CLKOptlon 


Unlike 
the optimized 
design 
in Section 
3.0, a buffer 
is 
not implemented 
in this interface. 
The 33 MHz system 


clock 
drives 
the processor, 
PLO and flash memory. 
To 


reduce 
system 
clock 
skew, 
position 
the 
PLO 
and 
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28FO 16XSs 
within 
close 
proximity 
to 
the 
microprocessor. 


4.2 
Software 
Interface 
Considerations 


This interface 
supports 
processor 
boot-up 
from the flash 
memory 
space after power-up 
or system 
reset. Initially, 


the read wait-state 
performance 
will be 5-1-1-1 
until the 
SF! 
Configuration 
value 
is modified. 
The 
28FOl6XS 
operates 
at optimal 
performance 
with 
a SF! 
Config- 
uration 
value 
of 2 at 33 ¥Hz. 
Program 
control 
should 
jump 
to an area 
of RAM 
to execute 
a configuration 
sequence 
which 
optimizes 
the 
flash 
memory 
and 
interface 
state 
machine 
for 
the 
given 
operating 
frequency. 


4.3 
Burst Read Cycle. Description 
at 
33MHz 


Refer 
to 
the 
read 
cycle 
timing 
diagrams 
and 
state 
diagram 
(Figure 
19) for the following 
discussions 
of the 
read cycle. 


Switched 
5Vor 12V 


5V 
5V 
av 
GPIO 
INT 


I 
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_---.S13 


CS#=O 
• CFG=O 


BLAST#=l 
·CFG=O 


BLAST#=l 


7SOCU9 


Figure 19. Read State Diagram 
Of Burst Control 
Interface 
Shown 
in Figure 18 
I 
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N=O 
CLK 


(33MHz) i 
tSU'!~_...l 
__ 
-i-__ -i-__ -+__ -+__ -+__ -+__ -+__ +__+__+__+ 
_ 
ADS'~ 
i 
~ 
W/R'T"", 
;i 
.. 
!; 
i 
i 
1,--- 
BLASTi 
I 
! 
i 
i 
I 
! 
I 
i 
I! 
I \L_-+! ----+', 
LAD:~: 
~-·-,----j·-----l·----·---t------·-+---·--l~-Di-' 
+!X-----:r,x-Di-.'+~---~~Djl.!.··~lx--~FC 


QA21 •• 
~ 
Val~Addr"s 
~ 


I 
! 
IELCH! 
j~ 
cs, ~ql~---+':---+--~--+---~-~---+--+--+---r--~~-~! 
i 
~ 
i 
CFG~ 
! 
i 
i 


ADV, 


OE, 
, . 
I 


WE' 
~ 
j( 
;+1 
~ 


i+2 i 
CTR,.(l 
; 
, 


RDYRCV' 


75OO.$l 


Figure 20. Example 
Four Double-Word 
Burst Read in Initial Configuration 
Showing 
Key Specifications 
Requiring 
Consideration 


Initial Configuration 


Figure 
2D illustrates 
a four double-word 
burst read cycle 


with 
the 
28FD16XS-15s 
and 
the 
state 
machine 
in the 


reset/power-up 
configuration 
state. 
The 
i96D 
JF 
microprocessor 
initiates 
a read cycle by asserting 
ADS# 
with W/R# = "D." At N = 2 with ADS# = "D," the two-bit 
counter loads the values on address bits A3-2. 


The state machine 
asserts ADV# after clock edge N = I. 


The 28FD 16XS-15s 
will latch the first address at the next 
rising clock edge (N=2), if CS# is asserted. 
If CS# is not 


asserted, 
the state machine 
will return to its inactive 
state 


atN=2. 


The state machine 
de-asserts 
ADV# 
at N = 2. The state 


machine 
then asserts ADV# at N = 3 to load the next read 


address 
into the 28FDI6XS-15s. 
De-asserting 
ADV# for 


one 
clock 
cycle 
(at 
N 
= 
2, 
4, 
6 
and 
8) 
between 
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accesses 
forces the 28FD 16XS-15s to hold data output for 


two clock cycles 
(access 
stretching), 
which allows 
time 


for the data to stabilize 
and meet the timing requirements 


of the i96D JF microprocessor. 


The counter 
increments 
the two lower bits of the address 


at N = 3, 5 and 7 to provide 
the four successive 
burst 


addresses. 
The state 
machine 
asserts 
OE# 
at N = 4 to 
enable 
the 28FD16XS-15 
data output 
buf(ers. 
With 
the 


SF! 
Configuration 
= 4, the 
data 
will 
be 
valid 
at the 


i96D JF microprocessor 
data inputs at N = 7. 


The 
state 
machine 
asserts 
RDYRCV# 
to 
inform 
the 


i96D JF microprocessor 
that data is valid. 
RDYRCV# 
is 


returned 
active 
at N = 7, 9, 11 and 
12. When 
sampling 


BLAST# 
active, the state machine 
ends the read transfer 


and returns 
to an idle state. 
In the idle state, 
the state 


machine 
waits 
for the processor 
to initiate 
a new 
bus 


transaction. 


I 
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Optimized 
Configuration 
28F016XS-15s 
with 
four 
consecutive 
accesses. 
Data 
from the initial access will be valid for transfer 
at N = 5. 


Subsequent 
data 
will 
be 
valid 
at 
N = 6. 7 and 
8. 


improving 
the read wait-state 
performance 
to 3-0-0-0. All 
other 
signal 
monitoring 
and generation 
are identical 
to 
the reset/power-up 
configuration 
read cycle documented 
in the preceding 
section. 


Figure 
21 illustrates 
a four double-word 
burst read with 
the 
28FO 16XS-15s 
and 
state 
machine 
cohfigured 
for 
optimum 
read 
performance. 
With 
the 
SF! 
Config- 
uration 
= 2. 
ADV# 
is 
held 
active 
and 
the 
counter 


increments 
at 
N 
= 
2. 
3 
and 
4. 
supplying 
the 


6 
8 
N=O 
7 
2 
3 
4 
5 
ClK 


(33 MHz) 
tSU1 
1 
~~--4---~----~----~---+----~--~~~- 
=n. 


tSU1 
_! 


ADS# 


W/R# 


SlAST# 
'\--+-Jr-- 


QA21-<t 


LAD 
31-0 


CS# 


CFG 
tVlC>< 
i 


ADV#·~----~~'~I' 
__ 
-i~_-~i-tG-LC><--- .•~'"---~I,,~I 


OE# 
•~~I' 
__ ~ 
.~ 
-+ 
~ 
~ 
~ __~;--- 


75OOJ1 


. Figure 21. 
Example 
Four Double-Word 
Burst Read 


,Illustrating 
Important 
Timing 
Parameters 
Requiring 
Consideration 


I 
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Part 
Symbol 
Parameter 
Minimum Specified Value 
(ne) 


22V10-15 
tSU1 
Input Setup Time to elK 
9 


28F016XS-15 
tELCH 
eE# Setup to elK 
25 


tVLCH 
ADV# Setup to cue 
15 


tAVCH 
Address Setup to elK 
15 


43LCH 
OE# Setup to elK 
15 


NOTE: 


Consult 
appropriate 
datasheets 
for up-to-date 
specifications. 
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4.4 
Burst Write Cycle Description 
at 
33 MHz 


, 
. 


The write interface 
for this design behaves 
similar to the 
optimized 
design's 
write interface 
described 
in Section 
3.4. The only difference 
between 
the two designs 
is 'the 
absence 
of the MUX. Therefore, 
this design's 
write state 
machine 
does not have to concern 
itself with controlling 
the MUX data flow. Instead, 
the interface 
simply 
loads 
and holds the address 
presented 
by the processor 
for the 
duration 
of the write operation. 


For further details information 
about this cycle and write 
timing waveform, 
refer to Section 3.4. 


5.0 
INTERFACING 
TO OTHER 
i960 
MICROPROCESSORS 


i960 CFIHAlHDIHT-16, 
i960 CFIHAlHDIHT-25 
and i960 CFIHAlHD-33 
Microprocessors 


The i960 CF/HAlHD/HT 
microprocessor 
bus interfaces 
are 
compatible 
with 
the 
i960 
CA 
microprocessor 
bus 
interface. 
Therefore, 
the 
28FO 16XS-15 
interfaces 
described 
in 
Section 
2.0 
for 
the 
i960 
CA-33 
microprocessor 
work 
equally 
well 
with 
these 
i960 
micoprocessors 
at 25 and 33 MHz. 


At 16 MHz, the interface 
requires 
a slight modification 
because 
the 
SFI 
Cenfiguration 
value 
at 
16 
MHz 
equals 
I. Therefore, 
the 28F016XS-15 
will drive data one 
CLK period 
after initiating 
a read access. 
The interface 
will 
return 
READY# 
to the 
microprocessor 
one 
CLK 
cycle 
earlier 
as 
opposed 
to the 
i960 
CA-33 
design. 
Therefore, 
the 
28FO 16XS-15 
interface 
to 
these 
microprocessors, 
operating 
at 16 MHz, will deliver 
2-0- 
0-0-1-0-0-0. 
. .wait -state read performance. 


1960 KA and i960 KB Microprocessors 


The 28FOl6XS 
interface 
to the i960 Kx microprocessor 
series 
will 
be 
very 
similar 
to 
the 
i960 
JF 
interface 
described 
in Sections 
3.0 and 4.0 .. The only difference 


28F016XSli960® 
MICROPROCESSOR 
INTERFACE 


between 
the 
two 
designs 
is the 
i960 
Kx's 
lack 
of a 


BLAST# 
output 
signal. 
The i960 JF interfaces 
use this 


signal to determine 
the end to the burst transaction. 
Since 
the i960 Kx 
microprocessor 
does 
not have 
a BLAST# 
signal, 
the interface 
logic must examine 
the processor's 
lower 
address 
lines to determine 
the length 
of the read 
transaction. 


For 
further 
detailed 
information 
about 
this 
interface, 


please reference 
the i960 JF interfaces. 
Contact your Intel 


or distribution 
sales office 
for schematic 
and PLD files 
for 
the 
28FO 16XS 
interface 
to 
the 
i960 
Kx 
microprocessor. 


i960 SA Microprocessor, 
i960 SB 
Mi,croprocessor 


The 28FOl6XS's 
interface 
to the i960 Sx microprocessor 
series 
will 
be 
similar' 
to the 
i960 
JF 
microprocessor 
interfaces, 
with the following 
differences: 


• 
The i960 Sx microprocessor 
series 
has a 16-bit data 
bus multiplexed 
with the lower '16 of 32 address 
bits. 
Therefore, 
a single 28FO 16XS will match the width of 
the data bus. 


• 
The 
i960 
Sx microprocessor 
series 
supports 
eight 
double-word 
burst. 
transfers. 
Therefore, 
the 
28FO 16XS interface 
will require a three-bit 
counter 
to 


generate 
the lower three bits of the burst addresses. 


6.0 
CONCLUSION 


This technical 
paper has described 
the interface 
between 
the 28FOl6XS 
16-Mbit flash memory 
component 
and the 
i960 
microprocessor 
family. 
These 
designs 
require 
minimal 
glue 
logic 
while 
achieving 
exceptional 
read 
performance. 
' 
For 
further 
information 
about 
the 
28FOI6XS, 
reference 
the Additional 
Information 
section 
of this technical 
paper. Please contact 
your local Intel or 
distribution 
sales office 
for more information 
on Intel's 
flash memory' products. 
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ADDITIONAL 
INFORMATION 


" 
., 


Order Number 
Document/Tools 
,.' 


297372 
16-Mbit FI.ash Product Family User's Manual 


290532 
28F016XS 
Datasheet 


297500 
"Interfacing 
28F016XS 
to the Intel486™ 
Microprocessor 
Family" 


292147 
AP;398, 
"Designing 
with me 28F016XS" 


292146 
AP-600, 
"Performance 
Benefits and Power/Energy 
Savings of 28F016XS 
Based System Designs" 


292163 
AP-610, "Flash Memory In-System 
Code and Data Update Techniques" 


292165 
AB-62, "Compiled 
Code Optimizations 
for Flash Memories" 


297508 
FLASH Builder Utility 
- • 
". 
'. 
, 


Contact 
Intel/Distribution 
28F016XS·Benchmark 
Utility 
-: 


Sales Office 


Contact 
Intel/Distribution 
28F016XS 
iBIS Model 


Sales Office 


Contact 
Intel/Distribution 
28F016XS 
VHDL Model 


Sales Office 
" 
.. 


Contact 
Intel/Distribution 
28F016XS 
Timing Designer Library File 
-. 


Sales Office 


Contact 
Intel/Distribution 
28F016XS 
Orcad and ViewLogic 
Schematic 
Symbols' 
- 


Sales Office 


REVISION 
HISTORY 
. 


Number 
Description 


t· 
,, 


001 
Original 
Version 


002 
Added Optimized 
i960 JF Microprocessor 
Interface That Delivers 2-0-0-0 Wait-State 
Performance 
up to 30 MHz 


Removed 
Detailed i960 KB Microprocessor 
Interface 
Description 


Added i960 KB Microprocessor 
Interfacing 
Guidelines 
to Section 5.0, "Interfacing 
to Other 


i960 Microprocessors" 


003 
Added 3/5# Pin to Block Diagrams 


Modification 
made to Figure 5 in regards to recommended 
reset component 
(MAX705 
changed 
to MAX706) 


Change to Figure 21, showing an optimized 
read at 33 MHz. 


Cosmetic 
Changes 


~ 
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APPENDIX A 
PLD FILES· 


PLD file for the standard 
28FO 16XS interface 
to the i960 CA Microprocessor 
described 
in Section 2.0. 


Title 
Pattern 
Revision 
Authors 
Company 
Date 


28FO 16XS I i960® CA Microprocessor 
Interface 
State Machine 
PDS 
I 
Example 
Intel Corporation 
- Folsom. California 
1-25-94 


STA TEMACHINE 
CHIP 
85C22VI0 


; inputs 
PIN 
I 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
25 


CLK 
ADS_n 
W_R_n 
BLAST_n 
CS_n 
CFG 
A2 
A3 
RESET 
GLOBAL 


.; address status - i960 CA microprocessor 
; W/R# 
- i960 CA microprocessor 


; burst last - i960 CA microprocessor 
; chip select - 28FOl6XS 
; 28FOl6XSli960 
CA microprocessor 
config status set input 


;LADht2 
; LAD bit 3 
; resets all FFs in device 
; virtual pin to implement 
reset 


; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


CTRO 
CTR! 
/WE 
IOE 
QO 
QI 
IADV 
Q3 


; burst counter out - 28FOI6XS-AI 
; burst counter out - 28FO t6XS-A2 
; write enable - 28FOl6XS 
; output enable - 28FO 16XS 
; state variables 


; state variable and address valid - 28FOl6XS 


; burst counter control signals 


STRING 
LD '(lADS_n)' 
; load 


STRING 
INC '(lADV + ADV * Q3 * QI * QO)' 


STATE 
MOORE_MACHINE 


DEFAULT_BRANCH 
SO 


; increment 


; state assignments 
SO= 
SI= 
S2= 
S3 = 
S4= 


IQ3 * IADV * IQI * IQO 
IQ3 * ADV * IQ! * IQO 
Q3 * ADV * IQI * IQO 
Q3 * ADV * IQI * QO 
IQ3 * ADV * IQI * QO 
I 
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~J := 
VL~_n ·'Cl<u) 
-> S5 
; 28FO 16XS selected, 
initial configurations 
+ 
(lCS_n * CFG) 
-> S2 
; 28FOl6XS 
selected, 
28FOl6XS 
and i960 CA microprocessor 
configured 
+-> SO 
; else, return to idle state 
S2:= 
VCC 
->S3 
S3 := 
VCC 
-> S4 
; 28FOl6XS 
is configured 
to wait 4 clocks 


S4:= 
(lBLAST _n * ADS_n) 
-> SO 
; I double word 
read 
+ 
(lBLAST_n· 
IADS_n) 
-> SI 
; pipeiined 
read 
+-> S5 
; else, continue 
S5 := 
(lBLAST _n * ADS_n) 
-> SO 
; burst read finished 
+ 
(lBLAST_n 
* IADS_n) -> SI 
; pipelined 
read 
+-> S5 
; else, continue 
S6:= 
ICS_n 
->S7 
; 28FOl6XS 
selected, 
continue 
+-> SO 
; else, return to idle state 
S7 := 
VCC 
-> S8 
S8 := 
(BLAST_n 
* CFG) 
-> S6 
continue 
burst 


+ 
(BLAST_n 
* ICFG) 
->S8 
pre-config 
write 
+-> SO 
write is finished 


; transition 
outputs 


SO.OUTF := 
SI.OUTF 
:= 
S2.0UTF 
:= 
S3.0UTF 
:= 
S4.0UTF 
:= 


S5.0UTF 
:= 


S6.0UTF 
:= 
S7.0UTF:= 
S8.0UTF:= 


IOE * !WE 
IOE· 
!WE 
OE * !WE 
OE· 
!WE 
OE*!WE 
OE· 
!WE 
OE • !WE 
IOE * WE 
IOE* 
WE 


EQUATIONS 


; implement 
RESET 
GLOBAL.RSTF 
= lRESET 


; implement 
2-bit burst counter - registered 
counter equations 
CTRI 
:= (LD * A3) + (ILD * INC * CTRO * ICTRI) 
+ (ILD * INC * ICTRO * CTRl) 
+ (ILD * IINC * CTRl) 
CTRO := (LD • A2) + (ILD • INC • ICTRO) + (ILD • IINC * CTRO) 


; flop OE and WE on falling edge 
OE.CLKF 
= ICLK 
WE.CLKF 
= ICLK 
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PLD file for the optimized 
28FO 16XS interface 
to the i960 JF Microprocessor 
described 
in Section 3.0.' 


; burst counter 
control signals 
STRING 
LD '(lADS)' 
; load 
STRING 
INC '(lADV + IRDYRCV 
* Q3 * QI * QO), 
; increment 


STATE MOORE_MACHINE 
DEFAULT_BRANCH 
SO 


Title 
Pattern 
Revision 
Authors 
Company 
Date 


CHIP 


; inputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
25 


; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


; state assignments 
SO = 
SI= 
S2 = 
S3 = 
S4 = 
SS = 


I 


Optimized 
28FO 16XS/i960® 
JF Microprocessor 
Interface 
State Machine 
PDS 
I 
Example 
Intel Corporation 
- Folsom, California 
2-16-95 


STA TEMACHINE 
85C22VIO 


CLK 
ADS 
W_R 
BLAST 
CS 
CFG 
A2 
A3 
RESET 
GLOBAL 


; address 
status - i960 JF microprocessor 
; W/R# 
- i960 JF microprocessor 
; burst last - i960 JF microprocessor 
; chip select 
; 28FO 16XS/i960 
JF microprocessor 
config status set input 
; Abit2 
; Abit3 
; resets all FFs in device 
; virtual pin to implement 
reset 


CTRO 
CTRI 
!WE 
IOE 
IRDYRCV 
MUX 
QO 
QI 
IADV 
Q3 


; burst counter out - 28FOI6XS-AI 
; burst· counter out - 28FO 16XS-A2 
; write enable - 28FOl6XS 
; output enable - 28FO 16XS 
. 


; wait -state control 
; control data flow through the multiplexer 
; state variables 


; state variable and address valid - 28FO 16XS 


IRDYRCV 
* IQ3 * ADV * IQI * IQO * IOE * !WE * IMUX 
IRDYRCV 
* IQ3 * ADV * IQI * QO * OE * !WE* MUX 
IRDYRCV 
* IQ3 * ADV * QI * IQO * OE * !WE * MUX 
RDYRCV 
* IQ3 * ADV * QI * QO * OE * /WE* MUX 
RDYRCV 
* IQ3 * lADY 
* IQI * QO * OE * !WE* MUX 
IRDYRCV 
* IQ3 * IADV 
* QI * IQO * IOE * .!WE* MUX 
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S6 = 
IRDYRCY 
* Q3 * ADY * IQI * IQO * OE * /WE * MUX 
S7 = 
IRDYRCY 
* IQ3 * lADY 
* QI * QO * OE * /wE* 
MUX 
S8 = 
IRDYRCY 
* Q3 * ADY * IQI * QO * OE * /wE* 
MUX 
S9 = 
RDYRCY 
* Q3 * lADY 
* IQI * IQO * OE * /wE* 
MUX 
SIO = IRDYRCY 
* Q3 * ADY * QI * IQO * OE * /WE* MUX 
SII 
= IRDYRCY 
* Q3 * lADY 
* IQI * QO * OE * /wE* 
MUX 
SI2 = IRDYRCY 
* Q3 * lADY 
* QI * IQO * IOE * WE* MUX 
SI3 = IRDYRCY 
* Q3 * lADY 
* QI * QO * IOE * WE* MUX 
SI4 = 
RDYRCY 
* Q3 * lADY 
* QI * QO * IOE * /WE* MUX 


; state transitions 
SO:= 
(/ADS*/W_R* 
CFG) 
->SI 
+ 
(lADS * /W _R * ICFG) ->S5 
+ 
(lADS*W_R) 
->SI3 
+->SO 
-> S2 
-> SO 
-> S3 
-> SO 
+->S4 
->SO 
~>S4 
-> Sl1 
->S6 
->S7 
->S8 
->S9 
-> SO 
-> SIO 
-> S4 
-> S4 
-> SO 
->SI4 
->SI5 
->SI3 
->SO' 


SI := 
ICS 
CS 
YCC 
(!BLAST) 


; READ cycle 


; WRITE cycle 
; else, stay 
; 28FO 16XS selected, 
init configurations 


; 28FOl6XS 
selected, 
optimized 
configured 


; I double word read 
; else, continue 
; burst read finished 
; continue, 
optimized 
configuration 


; continue, 
initial configuration 


; BLAST - end of the burst read transaction 


; write cycle control 


; BLAST - end of burst write transaction 


EQUATIONS 


; implement 
RESET 
GLOBAL.RSTF 
= lRESET 


; implement 
2-bit burst counter - registered 
counter equations 
CTRI 
:= (/WR * LD * A3 * IA2) + (WR * LD * A3) + (/LD * INC * CTRO * ICTRI) 
+ (/LD * INC * ICTRO * CTRI) 
+ (/LD * IINC * CTRI) 


CTRO:= 
(/WR * LD * IA2) + (WR * LD * A2) + (/LD * INC * ICTRO) + (/LD * IINC * CTRO) 
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+ 
S2:= 
S3 := 


S4:= 
!BLAST 
(BLAST 
* CFG) 


(BLAST 
* ICFG) 
YCC 
YCC 
YCC 
YCC 
!BLAST 
BLAST 
YCC 
YCC 
CS 
ICS 
YCC 
BLAST 
!BLAST 


+ 
+ 


S5 := 
S6;= 
S7:= 
S8 := 
S9:= 
+ 


SIO:= 
SII:= 
SI2:= 
+ 


S13:= 
SI4:= 


+ 


\ 


I 


.: 


I 


, 


I 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
25 


; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


W_R 
BLAST 
CS 
CFG 
A2 
A3 
RESET 
GLOBAL 


; WIR# - i960 IF microprocessor 
; burst last - i960 IF microprocessor 
; chip select 
; 28FO 16XS/i960 IF microprocessor 
config status set input 
;Abit2 
;Abit3 
; resets all FFs in device 
; virtual pin to implement 
reset 


CTRO 
CTRI 
!WE 
IOE 
IRDYRCV 
QO 
QI 
IADV 
Q3 


; burst counter out - 28FOI6XS-AI 
; burst counter out - 28FO 16XS-A2" 
; write enable - 28FOl6XS 
; output enable - 28FOl6XS 
; wait-state 
control 


; state variables 


; state variable and address valid - 28FOl6XS 


; burst counter control signals 
STRING 
LD '(lADS)' 
; load 
STRING 
INC '(/ADV 
+ IRDYRCV * Q3 * Q! * QO)' 
; increment 


STATE MOORE_MACHINE 
DEFAULT_BRANCH 
SO 


; state assignments 


SO = 
SI = 
S2 = 
S3 = 
S4 = 
S5 = 
S6 = 


IRDYRCV * IQ3 * IADV * IQl * IQO * IOE * !WE 
IRDYRCV * IQ3 * ADV * IQI * IQO * IOE * !WE 
IRDYRCV * IQ3 * ADV * IQ! * QO * OE * !WE 
IRDYRCV * IQ3 * ADV * Q! * IQO * OE * !WE 
RDYRCV * IQ3 * ADV * Ql * QO * OE * !WE 
RDYRCV * IQ3 * IADV * IQ! * QO * OE * !WE 
IRDYRCV * IQ3 * IADV * Q! * IQO * IOE * !WE 


I 
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, 


; READ cycle 
; WRITE cycle- 
; else. stay 
; 28FO 16XS selected. 
init configurations 


; 28FOl6XS 
selected. 
optimized 
configured 


; else. return to idle state 


I 


I 


i 


! 
I 


I 
: 
: 


\ 


S7 = 
IRDYRCV * Q3 * ADV * IQI * IQO * OE * /WE 
S8 = 
IRDYRCV * IQ3 * IADV * QI * QO * OE * /WE 
S9 = 
IRDYRCV * Q3 * ADV * IQI * QO * OE * /WE 
SIO = 
RDYRCV * Q3 * IADV * IQI * IQO * OE * /WE 
SII 
= IRDYRCV * Q3 * ADV * QI * IQO * OE * /WE 
SI2 = IRDYRCV * Q3 * IADV * IQI * QO * OE * /WE 
S13 = IRDYRCV * Q3 * IADV * QI * IQO * IOE * WE 
SI4 = IRDYRCV 
* Q3 * IADV * QI * QO * IOE * WE 
815 = 
RDYRCV * Q3 * IADV * QI * QO * IOE * /WE 


; 28FOl6XS 
is configured 
to wait 4 clocks 


; I double word read 
; else. condnue 
; burst read finished 
; continue. 
optimized 
configuration 


; continue. 
initial configuration 


; BLAST - end of the burst read transaction 
, 


; state transitions 
SO:= 
(lADS * /W _R) 
-> SI 
+ 
(lADS * W_R) 
-> SI3 
+->SO 
SI := 
(lCS* 
ICFG) 
-> S6 
+ 
(/CS * CFG) 
->S2 
+->SO 
S2:= 
VCC 
->S3 
S3:= 
VCC 
-> S4 
S4:= 
(/BLAST * ADS) 
-> SO 
+->S5 


S5 := 
/BLAST 
-> SO 
+ 
(BLAST * CFG) 
->S5 
+ 
(BLAST * ICFG) 
->SI2 
S6:= 
VCC 
->S7 
S7 := 
VCC 
-> S8 
S8 := 
VCC 
-» S9 
S9:= 
VCC 
-» SIO 
SIO:= 
/BLAST 
-> SO 
+ 
BLAST 
-> SII 
SII:= 
VCC 
->S5 
SI2:= 
VCC 
-> S5 
SI3:= 
CS 
->SO 
+ 
ICS 
-> SI4 
SI4:= 
VCC 
-> SI5 
SI5:= 
BLAST 
-> SI3 
+ 
/BLAST 
-> SO 


; write cycle control 


; BLAST - end of burst write transaction 


EQUATIONS 


; implement 
RESET 
GLOBAL.RSTF 
= IRESET 
; implement 
2-bit burst counter 
- registered 
counter equations 
CTRI 
:= (LD * A3) + (ILD * INC * CTRO * ICTRI) 
+ (ILD * INC * ICTRO * CTRI) 
+ (ILD * IINC * CTRI) 
CTRO := (LD * A2) + (ILD * INC * ICTRO) + (ILD * IINC * CTRO) 
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28F016XSli960® 
MICROPROCESSOR 
INTERFACE 


APPENDIX B 
BENCHMARK PERFORMANCE 
ANALYSIS 


The following section provides detailed memory technology information used in the performance analysis (UDP/JP 
Networking and Jmaging Benchmarks) contained in the introduction. The performance analysis was based on actual 
memory 
component 
performance 
in an i960 
processor-based 
environment. 
System 
interface 
delay 
between 
microprocessor and memory was not included in the analysis. The two benchmarks illustrate relative system memory 
performance. 


A. 
28F016XS 
Flash Memory 


28FOl6XS 
is 
capable 
of 
3-1-1-1~1-1-I-L 
.. read 
performance 
at 
5.0V 
Vcc 
and 
33 
MHz 
or 
25 
MHz 
(2-0-0-0-0-0-0-0.. .in terms of wait-states). The benchmarking analysis is shown below: 


UDPnp Networking 
Benchmark 
Imaging 
Benchmark 


Time (sec) 
Time (sec) 


i960 KB-25 
1.30 
1.64 
Microprocessor 
, 


i960 CA-33 
.89 
.89 
Microprocessor 


i960 CF-33 
.53 
, 
.59 
Microprocessor 


B. 
16-Mbit DRAM 


16-Mbit DRAMs were, at the time this technical paper was published, only beginning to ramp into production. Only 
advance information for the wider x16, 16-MbitDRAMs was available for use in the calculations that follow. 


Sequential reads allow use of the DRAM fast page mode. Assumed DRAM specifications are shown below: 


• 
80 ns tRAC,40 ns tAA(5.0V Vcc) 
• 
256 word (512 byte) page buffer 


Therefore, 
16-Mbit DRAMs are capable of 3-2-2-2-2-2-2-2... 
read performance at 33 MHz and 25 MHz 


(2-1-1-1-1-1-1-1 in terms of wait-states... ). The benchmarking analysis is shown below: 


UDPnp 
Networking 
Benchmark 
Imaging 
Benchmark 


Time (sec) 
Time (sec) 


i960 KB-25 
1.88 
1.89 
Microprocessor 


i960 CA-33 
1.06 
1.03 
Microprocessor 


i960 CF-33 
.59 
.64 
Microprocessor 
I 
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i960 KB-25 
NA 
NA 
Microprocessor 


i960 CA-33 
1.56 
" 
1.49 


Microprocessor 


i960CF·33 
.78 
.81 
Microprocessor 
.~ 


D. 
16·Mbit 
PAGED MASK ROM 


Calculations 
that follow used the xl6 
version 
of the 16-Mbit paged mask ROM, which is not yet widely available 
from 
multiple 
vendors. 
The x8, 16-Mbit paged mask ROM is the more common 
version today. 


Sequential 
reads allow use of the mask ROM page mode. The assumed 
5.0V Vcc 
16-Mbit mask 
ROM random 
access 


time is 150 ns, with 75 ns accesses 
in page mode (4-word 
page). Therefore, 
16-Mbit mask RaMs 
are capable 
of 5-3-3-3- 
5-3-3-3 ... 
read performance 
at 5.0V Vcc and 33 MHz (4-2-2-2-4-2-2-2 
.. 
.in terms of wait-states). 
The benchmarking 
analysis 
is shown below: 


UDP/lP Networking 
Benchmark 
Imaglng 
Benchmark 
(sec) 


Time (sec) 
Time (sec) 


i960 KB-25 
NA 
NA 
Microprocessor 
i960 CA-33 
1.35 
1.30 
Microprocessor 


i960 CF-33 
.71 
.73 
Microprocessor 
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FLASH MEMORY CARD 
2-,4-,8-MEGABYTE 


iMC002FLSC, 
iMC004FLSC, 
iMCOOBFLSC 


• 
Low-Cost 
Linear Flash Card 


• 
Single Supply: 
5 Volt Operation 


• 
FAST Read Performance 
- 
100 ns Maximum 
Access 
Time 


• 
x16 Data Interface 


• 
High-Performance 
Random 
Writes 


- 
10 us Typical 
Word Write 


• 
50 ~A Typical 
Deep Power-Down 


• 
Automated 
Write and Erase Algorithms 


- 
28F008SA 
Command 
Set 


• 
State-of-the-Art 
0.6 urn ETOXTM IV 
Flash Technology 


• 
100,000 
Erase Cycles 
per Block 


• 
64-Kword 
Blocks 


• 
. PC Card Standard 
Type 1 Form Factor 


Intel's 
Value 
Series 
100 card offers the lowest 
cost removable 
solid-state 
storage 
solution 
for code and data 


storage, 
high-performance 
disk 
emulation, 
and 
applications 
in 
mobile 
PCs 
and 
dedicated 
embedded 
applications. 
Manufactured 
with 
Intel's 
FlashFile™ 
memory, 
this 
card 
takes 
advantage 
of a 
revolutionary 


architecture 
that provides 
innovative 
capabilities, 
automated 
write/erase 
algorithms, 
reliable 
operation 
and very 


high read/write 
performance. 


The flash 
memory 
card provides 
the lowest cost, highest 
performance 
nonvolatile 
read/write 
solution 
for solid- 


state storage 
applications. 
These 
applications 
are enhanced 
further 
with this product's' 
symmetrically-blocked 


architecture, 
extended 
MTBF, and 5 Volt operation. 


The flash memory 
card can be used as a simple 
x16 linear array of flash devices. 
The 
PC Card form factor 


offers an industry-standard 
pinout, removable 
linear flash memory, 
and the ability to upgrade 
system 
memory 


software 
without changing 
the board layout. 


Order Number: 290546-801 
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1.0 
SCOPE OF DOCUMENT 


This 
datasheet 
provides 
a 
card 
architecture 
overview, 
all 
AC 
and 
DC 
characteristics and 
command definitions. 


2.0 
PRODUCT OVERVIEW 


The 2-, 4-, and 8-megabyte flash memory cards 
each contain a flash memory array that consists of 
two, four, or eight 28F008SA (1-Mbyte) TSOP 
memory devices, 
respectively. Each 28F008SA 
contains 16 dlstinct, individually-erasable, 64-Kbyte 
blocks. Therefore, the 2-, 4-, and 8-megabyte cards 
contain 32, 64 and 
128 independently-erasable 
blocks. 


At the device level, internal algorithm automation 
allows execution of write and erase operations 
using a two-write command sequence in the same 
way as the 28F008SA FlashFile™ memory in the 
Series 
2 
card. 
The 
automated 
write/erase 
algorithms ensure that data is reliably written in the 
least amount of time. 


The memory card interface supports the PC Card 
Standard, 
supporte'd 
by 
Personal 
Computer 
Memory Card Industry Association (PCMCIA) and 
Japanese 
Electronics 
Industry 
Development 
Association (JEIDA) 68-pin card format. The Value 
Series 100 card meets all PCMCINJEIDA Type 1 
mechanical specifications. 


IADVANCE 
INFORMATION 


VALUE 
SERIES 
100 


3.0 
VALUE SERIES 100 CARD 
ARCHITECTURE OVERVIEW 


The Value Series 100 is a simple array of flash 
devices in a PC Card form factor, offering the 
lowest cost, removable memory solution at 2-, 4- 
and 8-MB densities. Two 28F008SA devices in 
parallel provide the lower and upper bytes for a 16- 
bit access. 
The on-board charge pump provides 
12.0V to the flash array at all times for write arid 
erase operations in an environment where only a 5V 
supply is available. The Card Information Structure 
(CIS) for the Value Series 100 card is stored in 
Block 0 of the flash m.emoryto reduce the attribute 
memory cost overhead of an EEPAOM or ASIC. In 
embedded applications, a CIS may not be required 
by the system and the entire memory array can be 
used by the system. 


3.1 
Card Pinout and Pin 


. Description 


The 68-pin PC Card format provides the system 
interface for the Value Series 100 card (see Tables 
1 and 2). The 
detailed specifications for 
this 
interface is described in the PC Card Standard 
Specification. The Value Series 100 card product 
family conforms to' the pinout requirements of 
previous PCMCIA Versions Release 1.0, Release 
2.0 and Release2.01 and the PC Card Standard. 
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- 
ZRYIZBYII 
" 
WEll. 
ZRP# 
"\: 
- 
DE#. 


RST. 


WAIT# 
- 
0<7:0> 
28F008SA 
CE# 
CE# 
28F008SA 
0<7:0> 


~~::O> 
Device 6 
Device 7 A<~~; 
ROY/BSY# 
RY/BY# 
RYIBY# 
41 
DEll 
RPII 
RP# 
DE# 
BVO, 
", 
Vcc Vpp Vss 
Vcc Vpp Vss 


BVO 2 
I I 
I I I 
WP 
0<7:0> 
28F008SA 
CEll 
CE# 
28F008SA 
0<7:0> 
CO,# 
~~::O> 
Device 4 
RY/BYII 
RY/BY# 
Device 5 A<~~; 
COtt 
DE# 
Vcc Vpp Vss 
RP# 
RP# 
Vcc Vpp Vss 
DE# 


-d:- Vss 
Vcc 
. 


I I 
I I I 


0<7:0> 
28F008SA 
CEll 
CE# 
28F008SA 
0<7:0> 
~~::O> 
Device 2 
RY/BY# 
RY/BYII 
Device 3 A<10~; 


DE# 
Vcc Vpp Vss 
RP# 
RP# 
Vcc Vpp Vss 
DEll 


I I 
I I I 


0<7:0> 
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CE# 
CE# 
28F008SA 0<7:0> 


~~::O> 
Device 0 
De I 
1 A<19'0>- 
RY/BY# 
RY/BY# 
v ce 
WE# _ 
, 


DE# 
RP# 
. 
RP# 
DE#- 
Vcc Vpp Vss 
Vcc Vpp Vss 


Vcc 
Vpp 
Vcc 
1 I 
I I 
Generation 
Vpp 
I 
I 
Circuitry 
Vss 


VPP2 • 
VpP1 • 
4 
VS, 
DPEN 
• 
VS2 


04Q1_01 


Figure 1. Flash Memory Card Block Diagram Showing 
Major Functional 
Elements 
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Table 
1. 
Value Series 
100 Card Signals 


Pin 
Signal 
UO 
Function 
Active 


1 
GND 
Ground 


2 
003 
I/O 
Data Bit3 


3 
004 
I/O 
Data Bit4 


4 
005 
I/O 
Data Bit 5 


5 
006 
I/O 
Data Bit 6 


6 
007 
I/O 
Data Bit 7 


7 
CE1# 
I 
Card Enable 1 
LOW 


8 
A10 
I 
Address 
Bit 10 
. 


9 
OE# 
I 
Output Enable 
LOW 


10 
A11 
I 
Address 
Bit 11 


11 
A9 
I 
Address 
Bit 9 


12 
A8 
I 
Address 
Bit 8 


13 
A13 
I 
Address 
Bit 13 


14 
A14 
I 
Address 
Bit 14 


15 
WE# 
I 
Write Enable 
LOW 


16 
RDY/BSY# 
0 
Ready/Busy 
LOW 


17 
VCC 
Supply Voltage 


18 
VpP1 
Supply Voltage 
N.C. 


19 
A16 
I 
Address 
Bit 16 


20 
A15 
I 
Address 
Bit 15 


21 
A12· 
I 
Address 
Bit 12 


22 
A7 
I 
Address 
Bit 7 


23 
A6 
I 
Address 
Bit 6 


24 
A5 
I 
Address 
Bit 5 


25 
A4 
I 
Address 
Bit 4 


26 
A3 
I 
Address 
Bit 3 


IADVANCE 
INFORMATION' 


Pin 
Signal 
UO 
Function 
Active 


27 
A2 
I 
Address 
Bit 2 


28 
A1 
I 
Address 
Bit 1 


29 
AO 
I 
Address 
Bit 0 


30 
000 
I/O 
Data Bit 0 


31 
001 
I/O 
Data Bit 1 


32 
002 
I/O 
Data Bit 2 


33 
WP 
0 
Write Protect 
HIGH 


34 
GND 
Ground 


35 
GND 
Ground 


36 
CD1# 
0 
Card Detect 1 
LOW 


37 
0011 
I/O 
Data Bit 11 


38 
0012 
I/O 
Data Bit 12 


39 
0013 
I/O 
Data Bit 13 


40 
0014 
I/O 
Data Bit 14 


41 
0015 
I/O 
Data Bit 15 


42 
CE2# 
I 
Card Enable 2 
LOW 


43 
VS1 
0 
Voltage Sense 1 
N.C. 


44 
RFU 
Reserved 


45 
RFU 
Reserved 


46 
A17 
I 
Address 
Bit 17 


47 
A18 
I 
Address 
Bit 18 


48 
A19 
I 
Address 
Bit 19 


49 
A20 
I 
Address 
Bit 20 


50 
A21 
I 
Address 
Bit 21 


51 
VCC 
Supply Voltage 


52 
VpP2 
Supply Voltage 
N.C. 
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Table 
1. Value 
Series 
100 Card Signals 
(Continued) 


Pin 
Signal 
VO 
Function 
Active 


53 
A22 
I 
Address 
Bit 22 


54 
A23 
I 
Address 
Bit 23 


55 
A24 
I 
Address 
Bit 24 
N.C. 


56 
A25 
I 
Address 
Bit 25 
N.C. 


57 
VS2 
0 
Voltage Sense 2 
N.C. 


58 
RST 
I 
Reset 
HIGH 


59 
WAIT# 
0 
Extend Bus 
LOW 
Cycle 


60 
RFU 
Reserved 
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Pin 
Signal 
VO 
Function 
Active 


61 
REG# 
I 
.Attribute 
Memory 
Select 


62 
BVD2 
0 
Battery Voltage 
Detect 2 


63 
BVD1 
0 
Battery Voltage 
Detect 1 


64 
D08 
I/O 
Data Bit 8 


65 
D09 
1/0 
Data Bit 9 


66 
D010 
1/0 
Data Bit 10 


67 
CD2# 
0 
Card Detect 2 
LOW 


68 
GND 
Ground 
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Table 2. 
Value Series 
100 Card Signal 
Description 


Symbol 
Type 
Name and Function 


Aa-A25 
INPUT 
ADDRESS 
INPUTS: 
Address 
Aa through A25 are address 
bus lines which 
enable direct addressing 
of up to 64 MB of memory on the card. Signal Aa is not 


decoded 
since the card is x16 only. The memory will wrap at the card density 
boundary. 
The system should NOT try to access memory 
beyond the card's 
density, since the upper addresses 
are not decoded. 


DOo-:D015 
INPUT/ 
DATA INPUT/OUTPUT: 
DOo through 
D015 constitute 
the bi-directional 
data 
OUTPUT 
bus. D015 is the most significant 
bit. 


CE1#, CE2# 
INPUT 
CARD 
ENABLE 
1 & 2: CE1# enables 
EVEN byte accesses 
on D0-7, CE2# 
enables 
ODD byte accesses 
on D8-15. Cannot access Odd Bytes on D0-7. 


OE# 
INPUT 
OUTPUT 
ENABLE: 
Active low signal gating read data from the memory card. 


WE# 
INPUT 
WRITE 
ENABLE: 
Active low signal gating write data to the memory 
card. 


RDY/BSY# 
OUTPUT 
READY/BUSY 
OUTPUT: 
Indicates status of internally timed erase or write 
activities. 
A high output indicates the memory card is ready to accept accesses. 


CD1#, 
OUTPUT 
CARD 
DETECT 
1 & 2: These signals provide for card insertion detection. 
The 
CD2# 
signals are connected 
to ground internally on the memory card, and will be 
forced low whenever 
a card is placed in the socket. The host socket interface 
circuitry shall supply 
10K or larger pull-up resistors on these signal pins. 


WP 
OUTPUT 
WRITE 
PROTECT: 
This signal is pulled lOW 
for PC Card Standard 
compatibility. 
The flash memory card has no WP signal functionality. 


VpP1,VpP2 
N.C. 
WRITElERASE 
POWER 
SUPPLY: 
These power signals are not connected 
for 
the 5V-only card. 


Vcc 
CARD 
POWER 
SUPPLY: 
5.0V for all intemal circuitry. 


GND 
GROUND 
for all internal circuitry. 


REG# 
INPUT 
REGISTER 
SELECT: 
The memory card has no separate 
attribute 
memory. 


The CIS is located in common 
memory. 
REG# is unconnected 
on the card. 


RST 
INPUT 
RESET: 
Active high signal for placing card in Power-On 
Default State. RESET 
can be used as a POWER-DOWN 
signal for the memory array. 


WAIT# 
OUTPUT 
WAIT: 
(Extended 
Bus Cycle) This signal is pulled hig.h for compatibility. 


BVD1, 
OUTPUT 
BATTERY 
VOLTAGE 
DETECT: 
These signals are pulled high to maintain 
BVD2 
SRAM card compatibility. 


VS1, VS2 
OUTPUT 
VOLTAGE 
SENSE: 
Notifies the host socket of the card's Vcc requirements. 


VS1 and VS2 are OPEN to indicate a 5V, 16-bit card has been inserted. 


RFU 
RESERVED 
FOR FUTURE 
USE 


N.C. 
NO INTERNAL 
CONNECTION 
TO CARD 
pin may be driven or left floating. 


IADVANCE 
INFORMATION 
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The components 
on the Value Series 
100 card have 


three 
read 
modes: 
read 
memory 
array, 
read 


intelligent 
identifier or read Status Register. 


Read modes 
are enabled 
by writing 
the appropriate 


read mode command 
to the Command 
User Interface 


(CUI). 
The 
28F008SA 
automatically 
resets 
to read 


array 
mode 
upon 
initial 
device 
power-up, 
or 
after 


reset. 
The 28F008SA 
has four control 
pins, two of 


which 
must 
be logically 
active to obtain 
data at the 


outputs. 
Chip 
Enables 
(CE1.2#) 
are 
the 
device 


selection 
control, 
and, 
when 
active, 
enable 
the 


selected 
memory 
device. Output 
Enable (OE#) is the 


data input/output 
(000-0015) 
direction 
control, 
and, 
when 
active, 
drives 
data from the selected 
memory 


onto the I/O bus. WE# must be driven to V1H during a 
read access. 


4.1.2 
OUTPUT 
DISABLE 


With 
OE# 
and WE# 
at a logic-high 
level 
(V1H), 
the 


device outputs 
are disabled. 
Output (000-0015) 
are 


placed in a high-impedance 
state. 


4.1.3 
STANDBY 


CE1.2# at a logic-high 
level (V1H) 
places 
the card in 


standby 
mode. 
Standby 
operation 
disables 
much of 
the card's 
circuitry 
and substantially 
reduces 
device 


power 
consumption. 
The 
outputs 
(000-0015) 
are 


placed in a high-impedance 
state independent 
of the 


status of OE#. 
If the card is de-selected 
during 
byte 


write 
or 
block 
erase, 
the 
card 
will 
continue 


functioning 
and consuming 
normal active power until 


the operation 
completes. 
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location 
OOOOOH outputs 
the 
manufacturer 
code 


(8989H). 
A read from 
address 
00002H 
outputs 
the 
device code: A2A2H, A6A6H or AAAAH. 


4.1.5 
WRITE 


Writes 
to the CUI enable 
reading of device 
data and 


intelligent 
identifiers. 
They also control inspection 
and 
clearing 
of the Status 
Register. 
The contents 
of the 
interface 
register serves as input to the internal 
state 
machine on each component. 


The 
CUI 
itself 
does 
not 
occupy 
an 
addressable 


memory 
location. 
The 
interface 
register 
is a latch 


used 
to 
store 
the 
command, 
address 
and 
data 
information 
needed 
to execute 
the command. 
Erase 


Setup 
and 
Erase 
Confirm 
commands 
require 
both 


appropriate 
command 
data and an address within the 
block 
to 
be 
erased. 
The 
Write 
Setup 
command 
requires 
both 
appropriate 
command 
data 
and 
the 
address 
of the location 
to be written, 
while the Write 


command 
consists 
of the data to be written 
and the 


address of the location to be written. 


The 
CUI is written 
by bringing 
WE# 
to a logic-Iow 


level (VILl while CE# is low. Addresses 
and data are 


latched 
on 
the 
rising 
edge 
of 
WE#. 
Standard 
microprocessor 
write timings are used. 


Refer 
to 
AC 
Write 
Characteristics 
and 
the 


AC Waveforms 
for Write 
Operations, 
Figure 
14, for 


specific timing parameters. 
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4.2 
Address Decode Logic 
4.3 
Data Control 


The address decode 
logic selects which components 
device 
pair is enabled 
during a read or write access. 


Unused 
upper 
addresses 
for the Value 
Series 
100 


card will not be decoded. 
The address 
decoding 
will 
wr.ap around at the card's density. 


As shown 
in Table 3, data paths and directions 
are 


selected 
by the Data Control 
logic using WE#, OE#, 


CE1#, 
and CE2# 
as logic inputs. 
The 
Data 
Control 
logic selects 
any of the PCMCIA 
word-wide, 
EVEN- 


byte and ODD-byte 
modes for either reads or writes 


to common 
memory. 
The Value Series 100 card does not have a separate 
attribute 
memory 
space and REG# is not included 
in 
the address 
decode 
logic. REG# accesses 
will result 


in a read/write 
to the common 
memory flash array. 


NOTE: 


This card has a x16 interface. 
The ODD byte 
CANNOT 
be accessed 
on the lower data path 


(00-7). Aa is not decoded. 


Table 3. Data Access 
Mode Truth Table 


Mode 
RESET 
CE2# 
CE1# 
OE# 
WEt 
Al 
Vpp 
08-15 
00-7 
RY/BY# 
Notes 


Even Byte-Read 
Vll 
VIH 
Vll 
Vll 
VIH 
X 
X 
High-Z 
Even 
X 
1,2,3 


Odd Byte-Read 
Vll 
Vll 
VIH 
Vll 
VIH 
X 
X 
odd 
High·Z 
X 
1,2,3 


Word-Read 
Vll 
Vll 
Vll 
Vll 
VIH 
X 
X 
Odd 
Even 
X 
1,2,3 


Even Byte-Write 
Vll 
VIH 
Vll 
VIH 
Vll 
X 
X 
XXX 
Even 
VOl 
3,4 


Odd Byte-Write 
Vll 
Vll 
VIH 
VIH 
Vll 
X 
X 
Odd 
XXX 
VOl 
3,4 


Word-Write 
Vll 
Vll 
Vll 
VIH' 
Vll 
X 
X 
Odd 
Even 
VOl 
3,4 


Manufacturer 
ID It 
Vll 
Vll 
Vll 
Vll 
VIH 
Vll 
X 
89H 
89H 
VOH 


Device 
ID 
Vll 
Vll 
Vll 
Vll 
VIH 
VIH 
X 
A2H 
A2H 
VOH 
5 


Standby 
Vll 
VIH 
VIH 
X 
X 
X 
X 
High-Z 
High-Z 
X 
3 


Output 
Disable 
Vll 
X 
X 
VIH 
VIH 
X 
X 
High·Z 
High-Z 
X 
3 


Power· Down 
VIH 
X 
X 
X 
X 
X 
X 
High-Z 
High-Z 
X 


NOTES: 


1. 
Refer to DC Characteristics. 


2. 
X can be Vu, or VIH for control 
pins and address. 


3, 
RDY/BSY# 
is VOl when the WSM is executing 
intemal 
byte write or block erase algorithms, 
It is VOH when the WSM is not 


busy, in erase suspend 
mode, or deep power-down 
mode. 


4, 
Refer to Table 4 for valid DIN during a write operation. 


5, 
The device 
code can be A2H, A6H or AAH. 
Software 
should 
check for all three cases for compatibility 
with future 
cards. 
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5.0 
COMMANDDEFINITIONS 


Read operations from the Status Register, intelligent 
identifiers or array blocks are always enabled. 


Device operations are selected by writing specific 
commands 
into 
the 
Command 
User 
Interface. 


Table 4 defines the 28F008SA commands. 


5.1 
Read Array Command (FFFFH) 


Upon initial device power-up, and after reset, the 
28F008SA 
defaults 
to 
read 
array 
mode. 
This 
operation is also initiated by writing FFFFH into the 
CUI on the component. Microprocessor read cycles 
retrieve array data. The device remains enabled for 
reads until the CUI contents are altered by issuing a 


Write command. Once the internal WSM has started 
a byte write or block erase operation, the device will 
not recognize the Read Array command until the 
WSM has completed its operation. 


5.2 
Intelligent Identifier Command 
(9090H) 


The 
28F008SA 
contains 
an 
intelligent identifier 
operation, initiated by writing 9090H into the CUI. 
Following the command write, a ready cycle from 
address OOOOOHretrieves the manufacturer code of 
8989H. A read cycle from address 00002H returns 
the device code of A2A2H, A6A6H or AAAAH. 
Software 
should 
recognize 
To 
terminate 
the 
operation, it is necessary to write another valid 
command into the register. 


Table 4. 28F008SA-Compatible Mode Command Bus Definitions 


First Bus Cycle 
Second Bus Cycle 


Command 
R/W 
Addr 
Data 
R/W 
Addr 
Data 


Byte 
Word 
Byte 
Word 


Read Array 
W 
DA 
FFH 
FFFFH 
R 
DA 
AD 
AD 


Intelligent Identifier 
W 
DA 
90H 
9090H 
R 
lA 
iD 
ID 


Read Status Register 
W 
DA 
70H 
7070H 
R 
DA 
CSRD 
CSRD 


Clear Status Register 
W 
DA 
50H 
5050H 


Word/Byte Write 
W 
WA 
40H 
4040H 
W 
WA 
WD 
WD 


Word/Byte Write (Alternate) 
W 
WA 
10H 
1010H 
W 
WA 
WD 
WD 


Block Erase/Confirm 
W 
BA 
20H 
2020H 
W 
BA 
DOH 
DODOH 


Erase Suspend/Resume 
W 
DA 
BOH 
BOBOH 
W 
DA 
DOH 
DODOH 


ADDRESSES: 
DA 
Device Address 
BA 
Block Address 
lA 
Identifier 
Address 
WA 
Write Address 
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DATA: 
AD 
CSRD 
ID 
WO 


Array 
Data 
Status 
Reg. Data 
Identifier 
Data 
Write Data 
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5.3 
Read Status Register 
Command (7070H) 


The 28F008SA 
components 
on the Value Series 100 
card each contain 
a Status 
Register 
which 
may be 
read 
to 
determine 
when 
a 
write 
or 
block 
erase 
operation 
is complete, 
and 
whether 
that 
operation 
completed 
successfully. 
The Status Register 
may be 
read at any time by writing the Read Status Register 
command 
(7070H) 
to 
the 
CUI. 
After 
writing 
this 
command, 
all 
subsequent 
read 
operations 
output 
data 
from 
the 
Status 
Register, 
until 
another 
valid 
command 
is written 
to the CUI. The contents 
of the 


.Status 
Register 
are 
latched 
on the falling 
edge 
of 
OE# 
or CE#, 
whichever 
occurs 
first. 
OE# 
or CE# 
must be toggled to V1H before further reads to update 
the Status Register latch. 


NOTE: 
Two 28F008SA 
devices 
are used in parallel 
to form a x16 operation. 
Both status 
registers 
need 


to be checked 
when determining 
the status ofax16 
Erase/Write 
operation. 


VALUE SERIES 100 


5.4 
Clear Status Register 
Command (5050H) 


The 
Erase 
Status 
and Write 
Status 
bits are set to 
"1"s by the WSM and can only be reset by the Clear 
Status 
Register 
command. 
These 
bits 
indicate 
various 
failure 
conditions 
(see Table 
5). By allowing 
system software 
to control the resetting 
of these bits, 


several 
operations 
may 
be 
performed 
(such 
as 
cumulatively 
writing several 
bytes or erasing 
multiple 
blocks 
in sequence). 
The Status 
Register 
may then 
be polled to determine 
if an error occurred 
during that 
sequence. 
This 
Status 
Register 
functionality 
adds 
flexibility to the way the device may be used. 


Additionally, 
Jhe 
Vpp 
Status 
bit 
(SR.3) 
MUST 
be 
reset 
by system 
software 
before 
further 
writes 
or 


block 
erases 
are 
attempted. 
To 
clear 
the 
Status 
Register, 
the Clear Status 
Register 
command 
(SOH) 


is written to the CUI. 


WSMS 
ESS 


Table 5. Status 
Register 
Definition 


ES 
I 
BWS 
I 
VPPS 
I--R---r---R--""---R-- 


7 
6 
5 


NOTES: 


SR.7 = WRITE STATE MACHINE 
STATUS 
1 = Ready 
0= 
Busy 


SR.6 = ERASE SUSPEND 
STATUS 
1 = Erase Suspended 
o = Erase in Progress/Completed 


SR.5 = ERASE STATUS 
1.= Error in Block Erasure 
o = Successful 
Block Erase 


SR.4 = BYTE WRITE 
STATUS 
1 = Error in Byte Write 
o = Successful 
Byte Write 


SR.3 = Vpp STATUS 
1 = Vpp Low Detect, Operation 
Abort 
0= Vpp OK 


SR.2-SR.0 
= RESERVED 
FOR FUTURE 
ENHANCEMENTS. 
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4 
3 
2 
o 


RDY/BSY# 
or the Write State Machine Status bit 
must first be checked 
to determine 
byte write or block 
erase completion, 
before the Byte Write or Erase 
Status bit are checked 
for success. 


If the Byte Write and Erase Status bits are set to "1"s 
during a block erase attempt, an improper command 
sequence 
was entered. Attempt the operation 
again. 


If Vpp low status is detected, 
the Status Register 
must be cleared before another byte write or block 
erase operation 
is attempted. 


The Vpp Status bit, unlike an AID converter, 
does not 


provide continuous 
indication 
of Vpp level. The WSM 
interrogates 
the Vpp level only after the Write or Block 
Erase command 
sequence 
have been entered and 
informs the system 
if Vpp has not been switched 
on. 


These bits are reserved 
for future use and should be 
masked out when polling the Status Register 


.. _ .. _. __ 
...•..•.... 
_ .• , 
.." 
.".., 
""""""V', 
II'VI~IUI"" 
IV 
UI~ 
system. 
After 
the two-command 
erase 
sequence 
is 
written 
to 
it, the 
28F008SA 
automatically 
outputs 
Status Register 
data when read (see Figure 8, Block 
Erase 
Flowchart). 
The 
CPU 
can 
detect 
the 
completion 
of the erase event by analyzing 
the output 
data of the RDY/BSY# 
pin, or the WSM Status bit of 
the Status 
Register. 
When 
erase 
is completed, 
the 
Erase Status bit should 
be checked. 
If erase error is 
detected 
the Status Register 
should 
be cleared. 
The 
CUI 
remains 
in 
read 
Status 
Register 
mode 
until 
further commands 
are issued to it. 


5.7 
Erase Suspend/Erase 
Resume 
Commands 
(BOBOH,DODOH) 


The 
Erase 
Suspend 
command 
allows 
block 
erase 


interruption 
in order to read data from another 
block 
of memory. 
Once 
the erase 
process 
starts, 
writing 
the 
Erase 
Suspend 
command 
(BOBOH) to the CUI 
requests 
that 
the 
WSM 
suspend 
the 
erase 
sequences 
at a predetermined 
point 
in the 
erase 
algorithm. 
The 28F008SA 
continues 
to output Status 
Register 
data when 
read, 
after 
the 
Erase 
Suspend 
command 
is written to it. Polling the WSM Status and 
Erase 
Suspend 
Status 
bits will determine 
when the 
erase 
operation 
has been 
suspended 
(both 
will be 
set to "1"). RDY/BSY# 
will also transition 
to VOH. 


At this point, a Read Array command 
can be written 
to the CUI to read data from blocks 
other than that 
which is suspended. 
The only other valid commands, 
at this time, are Read Status 
Register 
(7070H) 
and 
Erase Resume 
(DODOH), at which time the WSM will 
continue 
with the erase process. 
The Erase Suspend 
Status 
and WSM 
Status 
bits of the Status 
Register 
will 
automatically 
cleared 
and 
the 
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~"4U"IIl;". i ne 
vvme 
oetup 
commana 
(4040H 
or 
1010H) 
is written 
to the CUI, followed 
by a second 
write specifying 
the address and data (latched on the 
rising edge 
of WE#) 
to be written. 
The WSM 
then 
takes over, controlling 
the byte write and write verify 
algorithms 
internally. 
After 
the 
two-command 
write 
sequence 
is written to it, the 28F008SA 
automatically 
outputs 
Status 
Register 
data when read (see Figure 
10, 
Write 
Flowchart). 
The 
CPU 
can 
detect 
the 
completion 
of the byte write 
event 
by. analyzing 
the 
output of the RDY/BSY# 
pin, or the WSM Status bit 
of 
the 
Status 
Register. 
Only 
the 
Read 
Status 
Register command 
is valid while write is active. 


When 
write is complete, 
the Write Status 
bit should 
be checked. 
If byte write error is detected, 
the Status 
Register 
should 
be cleared. 
The internal 
WSM verify 
only detects 
errors 
for "l"s 
that do not successfully 
write 
to 
"O"s. 
The 
CUI 
remains 
in 
read 
Status 
Register 
mode until further 
commands 
are issued to 
it. 


6.0 
PC CARD INFORMATION 
STRUCTURE 


The 
Card 
Information 
Structure 
(CIS) 
begins 
at 
address 
OOOOOOOOHof the card's 
Common 
Memory 
Plane 
in the 
EVEN 
byte 
locations. 
It contains 
a 
variable 
length 
chain 
of 
data 
blocks 
(tupies) 
that 
conform 
to a basic format 
(Table 6). The CIS of the 
Value Series 100 card is found in Table 7. 


CAUTION: 


The CIS data in Block 0 is not write protected 
and 
should 
not 
be 
erased 
by 
the 
system 
software 
if 
the 
CIS 
is 
needed 
for 
card 
recognition. 
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Table 
6. 
PC Card 
Tuple 
Format 


Bytes 
Data 


0 
Tuple Code: CISTPL_xxx. 
The tuple 
code OFFH indicates 
no more tu pies in 


the list. 


1 
Tuple 
Link: TPL_LlNK. 
Link to the next 
tu pie in the list. This can be viewed 
as 
the number 
of additional 
bytes in tuple, 


excluding 
this byte. A link field of zero 
indicates 
an empty tuple body. A link 
field containing 
OFFH indicates 
the last 
tuple in the list. 


2-n 
Bytes specific 
to this tuple. 


Table 
7. 
Value 
Series 
100 Card Tuples 


Address 
Value 
Description 


OOH 
01H 
CISTPL_DEVICE 


02H 
03H 
TPL_LlNK 


04H 
54H 
FLASH 
= 100 ns 


06H 
CARD 
SIZE: 2 MB 


06H 
OEH 
4MB 


1EH 
8 MB 


08H 
FFH 
END OF DEVICE 


OAH 
1EH 
CISTPL 
DEVICEGEO 


OCH 
06H 
TPL_LlNK 


OEH 
02H 
DGTPL_BUS 


10H 
11H 
DGTPL_EBS 


12H 
01H 
DGTPL_RBS 


14H 
01H 
DGTPL_WBS 


16H 
03H 
DGTPL_PART 
= 1 


18H 
01H 
FLASH 
DEVICE 
INTERLEAVE 


1AH 
20H 
CISTPL_MANFID 


1CH 
04H 
TPL_LlNK 
(04H) 


1EH 
89H 
TPLMID_MANF: 
LSB 
IADVANCE 
INFORMATION 


VALUE 
SERIES 100 


Address 
Value 
Description 


20H 
OOH 
TPLMID_MANF: 
MSB 


03H 
2MB-100ns 


22H 
13H 
4MB-100ns 


23H 
8MB-100ns 


24H 
85H 
TPLMID_CARD 
MSB 


26H 
21H 
CISTPL_FUNCID 


28H 
02H 
TPL_LlNK 


2AH 
01H 
TPLFIDJUNCTION 
: 


Memory 


2CH 
OOH 
TPLFID_SYSINIT 


2EH 
12H 
CISTPL_LONGLlNK 
C 


30H 
04H 
TPL_LlNK 


32H 
OOH 
LOWEST 
BYTE 


34H 
OOH 
, 


36H 
02H 


38H 
OOH 
HIGHEST 
BYTE 


3AH 
15H 
CISTPL_VERS1 


3CH 
40H 
TPL_LlNK 


3EH 
05H 
TPLLV1_MAJOR 


40H 
OOH 
TPLLV1_MINOR 


42H 
69H 
TPLLVUNFO 
i 


44H 
6EH 
n 


46H 
74H 
t 


48H 
65H 
e 


4AH 
6CH 
I 


4CH 
OOH 
END TEXT 


4EH 
56H 
V 


50H 
41H 
A 


52H 
4CH 
L 


54H 
55H 
U 


56H 
45H 
E 
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VALUE 
SERIES 100 


Address 
Value 
Description 


1 


58H 
20H 
SPACE 


5AH 
53H 
S 


5CH 
45H 
E 


5EH 
52H 
R 


60H 
49H 
I 


62H 
45H 
E 


64H 
53H 
S 


66H 
20H 
SPACE 


68H 
31H 
1 


6AH 
30H 
0 


6CH 
30H 
0 


6EH 
20H 
SPACE 


70H 
OOH 
END TEXT 


72H 
30H 
2MB 
30H 
4MB 
30H 
8~B 


74H 
32H 
2MB 
34H 
4MB 
38H 
8MB 


76H 
20H 
SPACE 


78H 
OOH 
END TEXT 


7AH 
43H 
C 


7CH 
4FH 
0 


7EH 
50H 
P 


80H 
59H 
Y 
- 


82H 
52H 
R 


84H 
49H 
I 


86H 
47H 
G 


88H 
48H 
H 


8AH 
54H 
T 


I 


8CH 
20H 
SPACE 
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Address 
Value 
Description 


8EH 
49H 
I 


90H 
4EH 
N 


I 


92H 
54H 
T 


94H 
45H 
E 
, 


96H 
4CH 
L 


98H 
20H 
SPACE 


9AH 
43H 
C 


9CH 
4FH 
0 


9EH 
52H 
R 


AOH 
50H 
P 


A2H 
4FH 
0 


A4H 
52H 
R 
.'f 


A6H 
41H 
A 


. 


A8H 
54H 
T 


I 


AAH 
49H 
I 


ACH 
4FH 
0 
": 


AEH 
4EH 
N 


BOH 
20H 
SPACE 


. 


B2H 
31H 
1 


B4H 
39H 
9 


B6H 
39H 
9 
'. 


B8H 
35H 
5 


BAH 
OOH 
END TEXT 
. , 


BCH 
FFH 
END OF LIST 


BEH 
FFH 
CISTPL_END 


COH 
OOH 
INVALID ADDRESS 
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• 
7.0 
SYSTEM 
DESIGN 
CONSIDERATIONS 


7.1 
Power Supply. Decoupling 


Flash 
memory 
power-switching 
characteristics 
require 
careful 
device 
decoupling. 
System 
designers are interested in three supply current 
issues: standby, active and transient current peaks 
which are produced by rising and falling edges of 
CE,# and CE2#. The capacitive and inductive loads 
on the card and internal flash memory device pairs 
determine the magnitudes of these peaks., 
. 


Three-line control and proper decoupling capacitor 
selection suppress transient voltage peaks. The 
Value Series 100 cards. contain on-card ceramic 
decoupling capacitors connected between Vcc and 
GND. 


The card connector should also have a 4.7 IJF 
electrolytic capacitor between Nee and GND. The 
bulk capacitors overcome voltage slumps caused 
by 
printed-circuit-board 
trace 
inductance, 
and 
supply charge to the smaller capacitors as needed. 


7.2 
Power-Up/Down 
Protection 


The 
PCMCIAlJEIDA-specified 
socket 
properly 
sequences the power supplies to the flash memory 
card via shorter.and longer pins. 


Each device in the memory card is designed to 
offer 
protection 
against- accidental 
erasure 
or 
writing, caused by spurious system-level signals 
that may exist during power transitions. The card 
will power-up' into the read state. 


A system designer must guard against active writes 
for Vcc voltaqes above VLKO (2.0V). Since both 
WE# and CE,# must be low for a command write, 
driving either to' V1H will inhibit writes, With its 
control register architecture, alteration of device 
contents only occurs after successful completion of 
the two-step command sequences. 


f 
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7.3 
RDY/BSY# 
and Byte 
Write/Block 
Erase Polling 


RDY/BSY# is a full CMOS output that provides a 
hardware method of detecting byte write and block 
erase completion. It transitions low time tWHRLafter 
a Write or Erase command sequence is written to a 
28F008SA, and returns to VOHwhen all the WSM 
has finished executing the internal algorithm. 


RDY/BSY# can be connected to the interrupt input 
of the system CPU or controller. It is active at all 
times. RDY/BSY# is also VOHwhen the device is in 
erase suspend or deep power-down modes. 


7.4 
Vcc, Vpp, RESET Transitions 
and the Command/Status 
Registers 


Write 
and 
block 
erase 
completion 
are 
not 


guaranteed if the internally generated Vpp drops 
below VpPH' If the Vpp Status bit of the Status 
Register 
(SR.3) 
is set to 
"1," a 
Clear 
Status 
Register command must be issued before further 
write/block 
erase attempts 
are 
allowed 
by the 


WSM. Otherwise, the Write (SR.4) or Erase Status 
(SR.5) bits of the Status Register will be set to "1"s, 
if error is detected. RESET transitions to V1Hduring 
write and block erase also abort the operations. 
Data is partially altered in either case, and the 
command sequence must be repeated after normal 
operation is restored. Device power-off, or RESET 
transitions to V1H,clear the Status Register to initial 
value 10000XXX for the upper eight bits. 


The CUI latches commands, as issued by system 
software, and is not altered by CE# transitions, or 
WSM actions. Its state upon power-up, after exit 
from deep power-down or after Vcc transitions 
below VLKO,is read array mode. 


After write or block erase is complete, the CUI must 
be reset to read array mode via the Read Array 
command, if access to th-ememory array is desired. 


2-79 


<:>IU' ay;; 
remperature 
-::luul; to +tloul; 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0V 
to Vcc +2.0V 


Vcc Supply 
Voltage 
with 
Respect 
to Ground 
-O.5V to +7 .OV 


beyond 
the 
'Operating 
Conditions' 
may 
effect 
device 
reliability. 


NOTES: 


1. 
Operating 
temperature 
is for commercial 
product 
defined 
by this specification. 


2. 
Minimum 
DC input voltage 
is --{).5V. During transitions, 
inputs may undershoot 
to -2.0V for periods 
less than 20 ns. 


Maximum 
DC voltage 
on output pins is Vcc +0.5V, 
which 
may overshoot 
to Vcc + 2.0V for periods 
less than 20 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Vcc Supply Voltage 
(± 0.25V) 
4.75 
5.25 
V 


9.0 
VALUE SERIES 100 CARD DC CHARACTERISTICS 


9.1 
General 


Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Leakage 
Current 
1,2 
±20 
/lA 
Vcc = Vcc Max 


V1N= Vcc or GND 


lLO 
Output 
Leakage 
Current 
1 
±20 
/lA 
Vcc = Vcc Max 


VOUT=VCC or GND 


V1l 
Input Low Voltage 
1 
0 
0.8 
V 


V1H 
Input High Voltage 
1 
2.4 
Vcc+ 
0.5 
V 


VOl 
Output 
Low Voltage 
1 
0.4 
V 
IOl = 3.2 mA 


VOH 
Output 
High Voltage 
1 
Vcc-O.4 
Vcc 
V 
IOH=-2.0 
mA 


VlKO 
Vcc EraselWrite 
Lock 
1 
2.0 
V 


Voltage 


NOTES: 
• 


1. 
Values 
are the same tor by1e and word wide modes for all card densities. 


2. 
Exceptions: 
With V'N = GND, the leakage 
current 
on CEj#, 
CE2#, OE#, and WE# will be < 500 /lA due to internal 
pull-up 
resistors. 
With V'N = Vcc, RST leakage 
current 
will be < 150 /lA due to intemal 
pull-down 
resistors. 


2-80 
ADVANCE 
INFORMATION 


VALUE 
SERIES 
100 


9.2 
CMOSInterfacing: Vcc = 5.0V 


DC Characteristics(1) 


Sym 
Parameter 
Density 
Notes 
x16 Mode 
Units 
Test Conditions 


(Mbytes) 
Typ 
Max 
. 


lcca 
Vee Read Current 
2.4.8 
75 
mA 
Vee = Vee Max 
tcvcrs 
= 100 ns 


leew 
Vee Write Current 
2.4.8 
100 
mA 


lees 
Vee Erase Current 
2.4.8 
100 
mA 


lccsi, 
Vee Sleep Current 
2.4.8 
2 
50 
100 
~A 
Vee = Vee Max 
Control 
Signals 
= Vcc 
RESET=VIH 


Ices' 
Vee Standby 
Current 
2.4.8 
2 
3 
10 
mA 
Vee = Vee Max 
Control 
Signals 
=:= Vee 
.. 
CMOS 
Test Conditicns: 
VIL = GND ± O.2V. VIH = Vcc ± O.2V 


NOTES: 
, 


1. 
All currents 
are RMS,values 
unless othelWise 
specified. 
Typical 
Vcc = 5V. T = +25°C. 


2. 
Control 
Signals: 
CE1#, CE2#, OE#, WE#. 


9.3 
TTL Interfacing: Vcc = 5.0V 


DC Characterlstlcs(1) 


Sym 
Parameter 
Density 
Notes 
x16 Mode 
Units 
Test Conditions 


(Mbytes) 
Typ 
Max 


lees 
Vee Read Current 
2,4,8 
100 
mA 
vcc = Vee Max 
tcvcrs 
= 100 ns 


leew 
Vee Write Current 
2.4.8 
2 
150 
mA 


lees 
Vee Erase Current 
2.4.8 
2 
150 
mA 


lccsi, 
Vee Sleep Current 
2,4,8 
2 
100 
mA 
Vee = Vee Max 
Control 
Signals 
= VIH 


Ices 
Vee Standby 
Current 
2,4,8 
2 
100 
mA 
Vee = Vee Max 
Control 
Signals 
= VIH 


TTL Test Conditions: 
VIL= O.BV, VIH = 2.4V 


NOTES: 


1. 
All currents 
are RMS values 
unless otherwise 
specified. 
Typical 
Vcc = 5V. T = +25°C. 


2. 
Control 
Signals: 
CE1#, CE2#, OE#. WE#. RESET. 
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VALUE 
SERIES 
100 


10.0 
AC CHARACTERISTICS 


AC 
timing 
diagrams 
and 
characteristics 
are 
guaranteed 
to 
meet 
or 
exceed 
PCMCIA 
2.1 
specifications. 
No 
delay 
occurs 
when 
switching 
between 
the common 
and attribute 
memory 
planes. 


10.1 
Read Operations: 
Common 
Memory 


Symbol 
Parameter 
100 ns at 5V 
Unit 


JEDEC 
PCMCIA 
Mln 
Max 


tAVAV 
tRC 
Read Cycle Time 
- 
.:I 
100 
ns 


tAVOV 
ta (A) 
Address 
Access 
Time 
100 
ns 


tELQV 
ta (CEl 
Card Enable Access 
Time 


- 


.~ 
100 
ns 


~LOV 
ta (OE) 
Output 
Enable Access 
Time 
, 
50 
ns 


tEHOX 
~is 
(CE) 
Output 
Disable 
Time from CE# 
50 
ns 


~HQZ 
tdis (OE) 
Output 
Disable 
Time from OE# 
50 
ns 


tELQX 
tan (CE) 
Output 
Enable Time from CE# 
5· 
ns 


~LQX 
tan (OE) 
Output 
Enable Time from OE# 
5 
ns 


tpHQV 
Power-Down 
Recovery 
to Output 
Delay. Vcc = 5V' 
530 
ns 
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VALUE 
SERIES 
100 


DEVICE 
AND 


ADDRESS 
S(L[CTION 
STANDBY' 
OUTPUTS 
ENABLEO 
OATA 
VALID 
STANOBY 
Vec 
POWER-DOWN 


'AXe)! 


"cc 
POWER-UP 
V,H'r~--:I("""""T""':-7r""7\ 


ADDRESSES 
(A) 
ADDRESSES 
STABLE 


1----------':----- 
tAVAV ------':--------1 


Figure 2. AC Waveforms for Read Operations 


IADVANCE 
INFORMATION 


049102 


VIH~~~~_ 
0[' 
(C) 
NOTE 1 


v" 


DATA (0/0) 


HIGH 
Z 
VALID OUTPUT 


1------ 
'.vav ------l 


NOTE 
1: Th. 
hoto;h.d 
13'.0 may 
~ 
eith.r 
high 
er lo~. 
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VALUE 
SERIES 
100 


10.2 
Write Operations: 
<?ommon Memory(1) 


Symbol 
Parameter 
100 ns at 5V 
Unit 


JEDEC 
PCMCIA 
Mln 
Max 


tAVAV 
lcW 
Write Cycle Time 
100 
ns 


tWLWH 
Iw(WE) 
Write Pulse Width 
60 
ns 


tAVWL 
tsu (A) 
Address 
Setup Time 
10 
ns 


tAVWH 
tsu (A-WEH) 
Address 
Setup Time for WE# 
70 
ns 


tVPWH 
tvps 
Vpp Setup to WE# Going High 
70 
ns 


tELwH 
tsu (CEWEH) 
Card Enable Setup Time for WE# 
70 
ns 


tOVWH 
tsu (D-WEH) 
Data Setup Time for WE# 
40 
ns 


tWHOX 
th (D) 
Data Hold Time 
15 
ns 


tWHAX 
tree (WE) 
Write Recovery 
Time 
15 
ns 


tWHRL 
WE# High to RDY/BSY# 
ns 


taWL' 
Vpp Hold from Operation 
Complete 
0 
ns 


tWHGL 
th (DE-WE) 
Output 
Enable Hold from WE# 
10 
ns 


tpHWL 
Power-Down 
Recovery 
to WE# Going Low 
1 
\.IS 


NOTE: 


1. 
Read timing 
characteristics 
during erase and data write operations 
are the same as during 
read-only 
operations. 
Refer to 
AC Characteristics 
for read-only 
operations. 
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VALUE SERIES 
100 


~ 


ADDRESSES(A)~~X~(==~;===)t==~;===~~~~~~X~~~~~X~~~~~X~~~~~~X-- 
V1L 
••• 


V1H 


eE# (E) 
V1L 
V1H 


OEI (G) 


V1L 
V1H 


WEN 
(W) 
V1L 


V1H 
DATA 
(D/Q)_":""'--+-4 
V1L 


VOH 
RDY/BSY# 
(R) 


VOL 


RP' 


}- 
__ 
-'-_~~ 
Valid 
SRD 


NOTES: 
1. 
Vcc Power-Up and Standby 


2. 
Write Data Write or Erase Setup Command 
3. 
Write Valid Address and Data (Data Write) or Erase Confirm Command 


4. 
Automated Data Write or Erase Delay 


5. 
Read Status Register Data 
6. 
Write Read Array Command 


Figure 3_ AC Waveforms 
for Write Operations 


I ADVANCE 
INFORMATION 
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VALUE 
SERIES 
100 


10.4 
CE#-Controlled Write Operations: Common and Attribute Memory 


Symbol 
Parameter 
100 ns at 5V 
Unit 


JEDEC 
PCMCIA 
Min 
Max 


tAVAV 
teW 
Write Cycle Time 
100 
ns 


tELEH 
tw(WE) 
Chip Enable 
Pulse Width 


I 
60 
ns 


tAVEL 
tsu (A) 
Address 
Setup Time 
10 
ns 


tAvEH 
tsu (A·WEH) 
Address 
Setup Time for CE# 
70 
ns 


tVPEH 
tvps 
Vpp Setup to CE# Going High 
70 
ns 


tWLEH 
. tsu(CE-WEH) 
Write Enable Setup Time for CE# 
, 
I 
70 
ns 


tOVEH 
tsu (D-WEH) 
D~ta Setup Time for CE# 
40 
ns 


tEHOX 
th (D) 
Data Hold Time 
15 
ns 


tEHAX 
tree (WE) 
Write Recover 
Time 
15 
ns 


tEHRL 
CE# High to RDY/BSY# 
ns 


tavvL 
Vpp Hold from Operation 
Complete 
0 
ns 


tEHGL 
th (OE-WE) 
Output 
Enable Hold from WE# 
. 
10 
ns 


tpHEL 
Power-Down 
Recovery 
to OE# Going Low 
1 
Ils 


NOTE: 


1. 
Read timing characteristics 
during 
erase and data write operations 
are the same as during 
read-only 
operations. 
Refer to 
AC Characteristics 
for read-only 
operations. 
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VALUE 
SERIES 
100 


V1H 
WE# (W) 
V1L 
V1H 
OE# (G) 


V1L 
V1H 
CE# (E) 


. 
V 
1L 


V1H 
D A T A (D IQ) ---:-"---t-i 
V1L 


VOH 
ADY/BSY# 
(A) 


VOL 


AP# 


)------f.j'-4 
Valid 
SAD 


NOTES: 
1. 
Vcc Power-Up and Standby 
2. 
Write Data Write or Erase Setup Command 
3. 
Write Valid Address and Data (Data Write) or Erase Confirm Command 
4. 
Automated Data Write or Erase Delay 
5. 
Read Status Register Data 
6. 
Write Read Array Command 


049C04 


Figure 4. Alternate 
AC Waveform 
for Write Operations 


J 
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VALUE 
SERIES 
100 


10.5 
Power-Up/Power-Down 


Symbol 
Parameter 
Notes 
Min 
Max 
Units 


PCMCIA 


Vj(CE) 
CE# Signal 
Level (O.OV < Vcc < 2.0V) 
1 
0 
VjMAA 
V 


CE# Signal 
Level (2.0V < Vcc < V,H) 
1 
Vcc-0.1 
VjMAA 
V 


CE# Signal Le.vel (V'H < Vcd 
1 
V,H 
VjMAA 
V 


tsu (Vcd 
CE# Setup Time 
20 
ms 


tsu (RESET) 
CE# Setup Time 
20 
ms 


tree (Vcd 
CE# Recover 
Time 
1.0 
IJs 


tpr 
Vcc Rising Time 
2 
0.1 
300 
ms 


tp! 
Vcc Falling Time 
2 
3.0' 
300 
ms 


tw (RESET) 
RESET 
Width 
10 
IJs 


th (Hi-Z RESET) 
RESET 
Width 
1 
ms 


ts (Hi-Z RESET) 
RESET 
Width 
0 
ms 


NOTES: 


1. 
ViMAX means Absolute 
Maximum 
Voltage 
for input in the period of O.OV < Vcc < 2.0V, Vi (CE#) is only O.OOV- ViMAA. 


2. 
The Ipr and Ipl are defined 
as "linear waveforms" 
in the period of 10% to 90%, or vice-versa. 
Even if the waveform 
is not a. 


"linear waveform," 
its rising and falling time must meet this specification 
. 


./---+-- vcc 


~ 
ll.. 
-cr i, -eE2 
~ 
In (Hi-z 
RESET) 
-.J 
tw 
(RESET) 


Hi-ez -----------n 
RESET ~ 


In (Hi-z 
RESET) .--J I- 


Vcc-----. 


Vcc MiN 
f-- t,..c 
V 
~-----~~IH 


-cr i. -eE2 
d L 
2V 
"""n'mmm~ 
ts (Hi-z 
RESET) 
. 
~ 
H,-z 


Figure 
5. 
Power-UplDown 
Timing 
for Systems 
Supporting 
RESET 
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VALUE 
SERIES 
100 


11.0 
CAPACITANCE 


TA = +25°C, f = 1.0 MHz 


3.0V ===><_ 
~TES~~INTS 
----7<- 
OUTPUT 


0.0 
Symbol 
Pins 
Typ 
Max 
Unit 


CIN 
Address/Control 
25 
50 
pF 


CIN 
Vcc 
3 
5 
~F 


CoUT 
Output 
25 
50 
pF 
Figure 6. Transient Input/Output 
Reference 
Waveform for Standard Test Configuration 


12.0 
ERASE AND DATA WRITE PERFORMANCE(1,3) 


Vcc = 5.0V ± 0.5V, TA = O°Cto +70°C 


Sym 
Parameter 
Notes 
Min 
Typ(l) 
Max 
Units 
Test Conditions 


tWHQV1 Word/Byte Write Time 
2,4 
6 us 
3 ms 
t",..,,\I1 


tWHQV2 Block Write Time 
2 
0.4 
2.1 
sec 
Word Write Mode 
t",..,,\I?. 
Block Erase Time 
2 
0.6 
10 
sec 


Full Chip Erase Time 
I 
2 
38.4 
sec 


NOTES: 


1. 
+25°C, 
and normal voltages. 


2. 
Excludes 
system-level 
overhead. 


3.. 
These 
performance 
numbers 
are valid for all speed versions. 


4. 
To maximize 
system 
performance, 
the RDY/BSY# 
signal should 
be polled 
instead 
of using the maximum 
byte/word 
write 
time as a delay timer. 
The maximum 
wordlbyte 
write time is the absolute 
maximum 
time it takes the write algorithm 
to complete. 
The over- 
whelming 
majority 
of the bits program 
in the typical 
value specified . 
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VALUE 
SERIES 
100 


13.0 
PACKAGING' 


r 


wPS 


Surface 
A 


------w------+1 


- 


C MIN 
L' 
0.008 
P MINlJ::. 
S MIN 
T& 
W ± 0.004 
Xi 
0.002 
y. 0.002 


0.294 
3.370 
0,394 
0.118 
0.065 
2.126 
0.039 
0.063 
(10.0) 
(85.60) 
(10.0j 
(3.0) 
(1.65) 
(54.0) 
(1.00) 
( 1.60) 


&. POLARIZATION 
KEY LENGTH. 
&. INTERCONNECT 
AREA TOLERANCE = '0.002 


SUBSTRATE 
AREA TOLERANCE = '0.004 


3 
MILLIMETERS 
ARE IN PARENTHESIS O. 
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ADVANCE 
INFORMATION 


VALUE 
SERIES 
100 


14.0 
ADDITIONAL INFORMATION 


14.1 
Ordering Information 


iMC008FLSC, 
SBXXXXX 


Where: 


MC 


008 


FL 


S 


C 


SBXXXXX 


=INTEL 


= MEMORY 
CARD 


= DENSITY 
IN MEGABYTES 
(002, 004,008 
AVAILABLE) 


= FLASH TECHNOLOGY 


= BLOCKED 
ARCHITECTURE 


= REVISION 


= CUSTOMER 
IDENTIFIER 


14.2 
References 


Order 
Number 
Document 


290429 
28F008SA 
8-Mbit (1 Mb x 8) FlashFile™ 
Memory 
Datasheet 


292095 
AP-360, 
"28F008SA 
Software 
Drivers" 


292158 
AP-606, 
"Interchangeablility 
of Series 
1, Series 2, and Series 2+ Flash Memory 
Cards" 


292177 
AP-622, 
"Value Series 
100 Card Design" 


294016 
ER-33, "ETOXTM IV Flash Memory 
Technology: 
Insight to Intel's Fourth Generation 
Process 
Innovation" 
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SERIES 2+ FLASH MEMORY CARDS 
4-, 8-, 20- AND 40-MEGABYTE 


iMC004FLSP, 
iMC008FLSP, 
iMC020FLSP, 
iMC040FLSP 


• 
Single Power Supply 


• 
Automatically 
Reconfigures 
for 3.3V 
and 5V Systems 


• 
150 ns Maximum 
Access 
Time with 5V 
Power Supply 


• 
250 ns Maximum 
Access 
Time with 
3.3V Power Supply 


• 
High-Performance 
Random 
Writes 
- 
0.85 MB/S Sustained 
Throughput 
- 
1 KB Burst Write at 10 MB/S 


• 
12 JAATypical 
Deep Power-Down 


• .Revolutionary 
Architecture 
- 
Pipelined 
Command 
Execution 
- 
Write during 
Erase 
- 
Series 2 Command 
Super-Set 


• 
State-of-the-Art 
0.6 JAmETOXTM IV Flash 
Technology 


• 
1 Million 
Erase Cycles 
per Block 


• 
Up to 640 Independent 
Lockable 
Blocks 


• 
PCMCIA 
2.1/JEIDA 
4.1-Compatible 


• 
PCMCIA 
Type 1 Form Factor 


• 
Series 2+ User's 
Manual 


Intel's Series 2+ Flash Memory 
Card sets the new record for high-performance 
disk emulation 
and eXecute-ln- 
Place 
(XIP) 
applications 
in 
mobile 
PCs 
and 
dedicated 
equipment. 
Manufactured 
with 
Intel's 
28F016SA 
16-Mbit 
(DD28F032SA 
32-Mbit) 
FlashFile™ 
memory, 
this card takes advantage 
of a revolutionary 
architecture 
that provides 
innovative 
capabilities, 
low-power 
operation 
and very high read/write 
performance. 


The Series 
2+ card provides 
today's 
highest 
density, 
highest 
performance 
nonvolatile 
read/write 
solution 
for 
solid-state 
storage 
applications. 
These 
applications 
are enhanced 
further 
with 
this 
product's 
symmetrically- 
blocked 
architecture, 
extended 
MTBF, 
low-power 
3.3V 
operation, 
built-in 
Vpp 
generator, 
and 
multiple 
block 
locking methods. 
The Series 2+ card's dual read and write voltages 
allow interchange 
between 
3.3V and 5.0V 
systems. 


Order Number: 290491"()06 
• 
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1.0 SCOPE OF DOCUMENT 


The documentation for 
Intel's Series 2+ 
Flash 
Memory Card includes this datasheet and the 
Series 2+ 
Flash Memory Card User's Manual 
(297373). The datasheet provides all AC and DC 
characteristics (including timing waveforms) and a 
convenient reference for the device command set 
and the card's integrated registers (including the 
28F016SA's 
status 
registers). 
The 
Series 
2+ 
Memory Card User's Manual provides a complete 
description of the methods for using the card. It also 
contains the full list of software algorithms and 
flowcharts and a section for upgrading Intel's Series 
2 Flash Memory Cards designs. 


2.0 PRODUCT OVERVIEW 


The 4-, 8-, and 20- Megabyte Series 2+ Flash 
Memory Cards each contain a flash memory array 
that consists of two, four, and ten 28F016SA TSOP 
memory devices, respectively. Each 28F016SA 
contains 32 distinct, individually-erasable, 64-Kbyte 
blocks. Therefore, the 4-, 8-, and 20-megabyte 
cards contain 64, 
128 and 320 
independantly 


lockable blocks, respectively. 


The 40-Megabyte Series 2+ Flash Memory Cards 
contain a flash memory array that consists of ten 
DD28F032SA 
TSOP 
memory 
devices. 
Each 
DD28F032SA contains two 28F016SA die in a 
single package, resulting in 64 distinct, individually- 
erasable, 
64-Kbyte 
blocks. 
The 
40-megabyte 
cards 
have 
640 
independently 
lockable blocks: 


The 
Series 2+ 
Card 
offers 
additional product 
features to those of the Series 2 Card family (refer 
to the iMCOXXFLSAdatasheets). Some of the more 
notable 
card-level 
enhancements 
include: 
interchangeable operation at 3.3V or 5.0V, block 
locking and internal Vpp generation. 


The 
.Series 2+ 
card 
incorporates 
Vcc 
detect 
circuitry, referred to as SmartPower, to sense the 
voltage level present at the card interface. The 
card's 
control logic automatically configures its 
circuitry and the 28F016SAlDD28F032SA memory 
array accordingly. The Card Information Structure 
(CIS) 
reports that 
the 
card 
is 
3.3V 
or 
5.0V 
compatible. The card also detects the presence of 
12.0V on the Vpp pin and passes this supply to 
each 
memory device. When the 
12.0V power 
supply is unavailable, the card can generate the 
I 


SERIES 
2+ FLASH 
MEMORY 
CARDS 


required Vpp via its internal Vpp generation circuitry, 
whether Vcc is 3.3V or 5.0V. 


At the device level, intemal algorithm' automation 
allows Write and Erase operations to be executed 
using a two-write command sequence in the same 
way as the 28F008SA FlashFile memory in the 
Series 2 Card. A super-set of commands and 
additional performance enhancements have been 
added to the basic 28F008SA command set: 


• 
Page Buffer Write to Flash results in writes up to 
four times faster than Series 2 Cards. 


• 
Command Queueing permits the devices to 
receive new commands during the execution of 
the current command set. 


• 
Automatic data writes during erase allows the 
28F016SA to perform Write operations to one 
block of memory while performing an Erase on 
another block. 


• 
Software locking of memory blocks provides a 
means to selectively protect code or data within 
the card. 


• 
Erase all unlocked blocks provides a quick and 
simple method to sequentially erase all the 
blocks within a 28F016SA memory device. 


The Series 2+ Card has two ways to put the fla'sh 
devices into a sleep mode for reduced power 
consumption: 


1. Issue a command to individual devices, referred 
to as the software-controlled sleep mode. The 
device will retain status register data contents 
and finish any operation in progress using this 
approach. 


2. Write 
to 
the 
card's 
PCMClA-compatible 
Configuration and Status Register to activate a 
Reset 
Power-Down 
to 
all 
devices 
simultaneously. 


The card achieves its PCMCIA-compatible word- 
wide 
access 
by 
pairing 
the 
28F016SAI 
DD28F032SA devices resulting in an accessible 
memory block size of 64 
Kwords. The card's 
decoding logic (contained within the ASICs) allows 
the system to write or read one word at a time, or 
one byte at a time by referencing the high or low 
byte. Erasure can be performed on the entire block 
pair (high and low byte simultaneously) or on the 
high and .Iow portions separately. Although the 
28F016SAlDD28F032SA support byte or word-wide 
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data access, the byte interface was utilized within 
the card to allow the delivery of higher performance 
benefits, such as doubling the effective page buffer 
size and write performance. 


The Series 2+ Card's ASICs also contain the 
Component Management Registersthat provide five 
control 
functions: 
Ready-Busy Mode 
Selection, 
Software Write Protection, Card Status, Voltage 
Control, and Soft Reset. 


The memory card interface supports the Personal 
Computer 
Memory 
Card 
Industry 
Association 
(PCMCIA 2.10) and Japanese Electronics Industry 
Development Association (JEIDA 4.1) 68-pin card 
format. 
The 
Series 2+ 
Flash Card 
meets 
all 
PCMCIAlJEIDA Type 1 mechanical specifications. 
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3.0 
SERIES 2+ ARCHITECTURE 
OVERVIEW 


The 
Series 2+ 
Card 
consists of 
three 
major 
functional elements-the 
flash memory array, card 


control and SmartPower circuitry. The card control 
logic 
handles the 
interface 
between the flash 
memory array and the host system's 
PCMCIA 


signals. SmartPower circuitry provides the card's 
integrated Vpp generator and a means for detecting 
the socket's voltage levels. 


3.1 
Card Pinout and Pin Description 


The 68-pin PCMCIA format provides the system 
interface for the Series 2+ Flash Memory Card (see 
Tables 1 and 2). The detailed specifications for this 
interface is described in the PCMCIA 2.10 Standard 
Specification. The Series 2+ Flash Card product 
family conforms to the requirements of previous 
PCMCIA Versions Release 1.0, Release 2.0 and 
Release 2.01 of the PC Card Standard. Release 
2.10 redefined pins 43 and 57 as VS, and VS2 
(previously REFRESH and RFU, respectively). 


I 


SERIES 2+ FLASH MEMORY CARDS 


0<15:0 
.• 
ZOO<15:8> 


A<25:0:. 
ZOO<7:0,> 
. 


REG# 
ZA<20:0> 
I 


CE,# 
CARD 
ZWE# 
- 


CE2# 
ZOE# 
, 
( 


CONTROL 
WE# 
LOGIC 
ZCEo#<7:0> 


OE# 
ZCE,#<7:0> 


RST. 
ZRYIZBY# 


WAIT# 
ZRP# 


ROYIBSY# 
ZWP 
- 
I 


BVO, 


BV02 
0<7:0> 
28F016SA 
CEo" 
CEoI' 
28F016SA 
0<7:0> 


WP 
A<20:0> 
DEVICE. 
CE,> 
GEl' 
DEVICE. 
A<20:0 
CO,# 
WE> 
RVnlV> 
RV/BV, 
WE. 
OE. 
RP> 
RP' 
OE' 


CO2# 
VCCVpp VSS 
3/5. WP 
WP 
315> 
VSSVpp VCC 


ROY/BSY# 
VSS 
VCC 
I I 
I I 


0<7:0> 
2IF016SA 
GEO' 
CEo" 
2IF016SA 
0<7:0> 


A<20:0> 
DEVICE 
8 
CE,' 
CE1' 
DEVICES 
A<t20:O> 


WE' 
RVnlYt 
RYIBY, 
WE. 


OE' 
RP> 
RP. 
OE' 


VCC Vpp VSS 
315. WP 
WP 
315. 
VSSVpp VCC 


1 
11 
1 
1 
11 
1 


: 
,r 


lij 


1 
1'1 
1CEo" I 1'1 
1 
11 
1 


0<7:0> 
2BF016$A 
GEC' 
2BFO'6SA 
0<7:0> 


A<20:0> 
DEVICE0 
CE,' 
CE,' 
DEVICE1 
A<20<h 


WE. 
RVIBYO 
RYIBY, 
WE. ~ 
OE. 
RP. 
RP. 
OEl 


\lCC 


VCC Vpp 
VSS 
315' WP 
WP 
315' 
VSSVpp "cc 


Vpp 
VCC 
I I 
" 
I I 
VPP? 
GENERATION 
Vpp 
I 
I 
Vpp, 
CIRCUITRY 
VSS 


SmartPower 


• 


VS, 
3/5# 
VS2 
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Figure 1. Series 2+ Flash Memory Card Block Diagram Showing Major Functional Elements 
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SERIES 
2+ FLASH 
MEMORY 
CARDS 


Table 1. Series 2+ Flash 
Memory 
Card Signals 


Pin 
Signal 
110 
Function 
Active 


1 
GND 
Ground 


2 
003 
I/O 
Data Bit 3 


3 
004 
I/O 
Data Bit 4 


4 
005 
I/O 
Data Bit 5 


5 
DOs' 
I/O 
Data Bit 6 


6 
007 
I/O 
Data Bit 7 


7 
CE,# 
I 
Card Enable 1 
LOW 


8 
A,o 
I 
Address 
Bit 10 


9 
OE# 
I 
Output Enable 
LOW 


10 
A" 
I 
Address 
Bit 11 


11 
A9 
I 
Address 
Bit 9 


12 
As 
I 
Address 
Bit 8 


13 
A'3 
I 
Address 
Bit 13 


14 
A'4 
I 
Address 
Bit 14 


15 
WE# 
I 
Write Enable 
LOW 


16 
RDY/BSY# 
0 
Ready/Busy 
LOW 


17 
Vcc 
Supply Voltage 


18 
Vpp, 
Supply Voltage 


19 
A,s 
I 
Address 
Bit 16 


20 
A,s 
I 
Address 
Bit 15 


21 
A'2 
I 
Address 
Bit 12 


22 
A7 
I 
Address 
Bit 7 


23 
As 
I 
Address 
Bit 6 


24 
As 
I 
Address 
Bit 5 


25 
A4 
I 
Address 
Bit 4 


26 
A3 
I 
Address 
Bit 3 
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Pin 
Signal 
110 
Function 
Active 


27 
A2 
I 
Address 
Bit 2 


28 
A, 
I 
Address 
Bit 1 


29 
Ao 
I 
Address 
Bit 0 


30 
000 
I/O 
Data Bit 0 


31 
DO, 
I/O 
Data Bit 1 


32 
002 
I/O 
Data Bit 2 


33 
WP 
0 
Write Protect 
HIGH 


34 
GND 
Ground 
- 


35 
GND 
Ground 


36 
CD,# 
0 
Card Detect 1 
LOW 


37 
DO" 
I/O 
Data Bit 11 


38 
00'2 
I/O 
Data Bit 12 


39 
00'3 
I/O 
Data Bit 13 


40 
00'4 
I/O 
Data Bit 14 


41 
00'5 
I/O 
Data Bit 15 


42 
CE2# 
I 
Card Enable 2 
LOW 


43 
VS, 
0 
Voltage Sense 1 
LOW 


44 
RFU 
Reserved 


45 
RFU 
Reserved 


46 
A17 
I 
Address 
Bit 17 


47 
A,s 
I 
Address 
Bit 18 


48 
A'9 
I 
Address 
Bit 19 


49 
A20 
I 
Address 
Bit 20 


50 
A2, 
I 
Address 
Bit 21 


51 
Vcc 
Supply Voltage 


52 
VpP2 
Supply Voltage 


I 


intel~ 
SERIES 
2+ FLASH 
MEMORY 
CARDS 


Pin 
Signal 
I/O 
Function 
Active 


53 
A22 
I 
Address 
Bit 22. 


54 
A23 
I 
Address 
Bit 23 


55 
A24 
I 
Address 
Bit 24 


56 
A25 
I 
Address 
Bit 25 


57 
VS2 
0 
Voltage Sense 2 
N.C. 


58 
RST 
I 
Reset 
HIGH 


59 
WAIT# 
0 
Extend Bus 
LOW 
Cycle 


60 
RFU 
Reserved 


Table 
1. Series 
2+ Flash 
Memory 
Card Signals 
(Continued) 


Pin 
Signal 
I/O 
Function 
Active 


61 
REG# 
I 
Attribute 
Memory 
LOW 
Select 


62 
BVD2 
0 
Battery Voltage 
Detect 2 


63 
BVD, 
0 
Battery Voltage 
Detect 1 


64 
DOe 
I/O 
Data Bit 8 


65 
009 
I/O 
Data Bit 9 


66 
00'0 
I/O 
Data Bit 10 


67 
CD2# 
0 
Card Detect 2 
LOW 


68 
GND 
Ground 


Symbol 
Type 
Name and Function 


Aa-A25 
INPUT 
ADDRESS 
INPUTS: 
Address 
Ao through A25 are address 
bus lines which 
enable direct addressing 
of up to 64 megabytes 
of memory on the card. Signal 
Ao Is not used in word access mode. A25 Is the most significant 
bit. 


000-00'5 
INPUTI 
DATA 
INPUT/OUTPUT: 
000 
through 
00'5 
constitute 
the bi-directlonal 
data 
OUTPUT 
bus. 00'5 
Is the most significant 
bit. 


CE,#,CE2# 
INPUT 
CARD 
ENABLE 
1 & 2: CE,# enables 
even bytes, CE2# enables odd bytes. 
Multiplexing 
Aa, CE,# and CE2# allows 8-bit hosts to access all data on 00 
through 
07, 


OE# 
INPUT 
OUTPUT 
ENABLE: 
Active low signal gating read data from the memory card. 


WE# 
INPUT 
WRITE 
ENABLE: 
Active low signal gatlng write data to the memory card. 


ROY/BSY# 
OUTPUT 
READYIBUSY 
OUTPUT: 
Indicates status of Internally timed erase or write 
activities. 
A high output indicates the memory 
card Is ready to accept accesses. 


A low output Indicates that a device in .the memory 
card Is busy with Internally 
timed erase or write activities. 


CO,#,C02# 
OUTPUT 
CARD 
D.ETECT 1 & 2: These signals provide for correct memory card Insertion 
detection. 
They are positioned 
at opposite 
ends of the card to detect-proper 
alignment. 
The signals are connected 
to ground Internally on the memory card, 


and will be forced low whenever 
a card is placed In the socket. The host socket 


interface 
circuitry shall supply 10K or larger pull-up resistors on these signal 
pins. 


Table 2 
Series 
2+ Flash 
Memory 
Card Signal 
Description 


l 
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I nese signals may De msconnecteo DUIare requirec 
ior t:.X\"~"·· stanuaru 
compliance. 


Vcc 
CARD 
POWER 
SUPPL V: (3.3V or 5V nominal) for all internal circuitry. 


GND 
GROUND 
for all internal circuitry. 


REG# 
INPUT 
REGISTER 
SELECT: 
Provides access to Series 2+ Flash Memory Card 
registers and Card Information 
Structure 
in the Attribute 
Memory 
Plane. 


RST 
INPUT 
RESET: 
Active high signal for placing card in Power-On 
Default State. 


WAIT# 
OUTPUT 
WAIT: 
(Extend Bus Cycle) This signal is driven high for compatibility. 


BVD,. 
OUTPUT 
BA TTERV 
VOLTAGE 
DETECT: 
These signals are driven high to maintain 
BVD2 
SRAM card compatibility. 


VS,. VS2 
OUTPUT 
VOLTAGE 
SENSE: 
Notify the host socket of the card's Vcc requirements. 
VS, 


grounded 
and VS2 open indicates a 3.3V/5V card has been inserted. 


RFU 
RESERVED 
FOR FUTURE 
USE 


N.C. 
NO INTERNAL 
CONNECTION 
TO CARD; 
pin may be driven or left floating . 


• 
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3.2 Series 2+ Card Control Logic 


The Card Control Logic, contained within two ASICS, 
handles the address decoding and data control for 
the Series 2+ Card. The Component Management 
Registers are also contained within the Card Control 
Logic. 
' 


3.2.1 
ADDRESS DECODE LOGIC 


At the highest level, the Address Decode section 
determines when to select the Common Memory 
(REG# = VI H) or Attribute Memory (REG# = VILl 
Planes. Within the Attribute Memory Plane ( Figure 2) 
, the address decode logic determines when to select 
the Card Information Structure (CIS) or Component 
Management Registers (CMR). The CIS contalns 
tuple 
information 
and 
Is 
located 
at 
even-byte 
addresses beginning with address OOOOH(refer to 
Section 6.0). The Component Management Registers 
are mapped at even byte locations be,ginnlng at 
address 4000H (refer to Section 3.3 for a detailed 
description). 


T bl 
3 
D ta A 


SERIES 
2+ FLASH 
MEMORY 
CARDS 


ODD BYTE 
I 
EVEN BYTE 
MEMORY 
ADDRESS 


NOT USED 
'FFFFFH 


I 


COMPONENT 
004200H 
NOT USED 
MANAGEMENT' 


REGISTERS 
004000H 


NOT USED 
OOO'OOH 


NOT USED 
1 


HARDWIRED 
PCMCIACIS 
OOOOOOH 
04iU 


Figure 2. Attribute Memory Plane 


3.2.2 
,DATA CONTROL 


As shown In Table 3, data paths and directions are 
selected by the Data Control logic using REG#, Ao, 
WE#, OE#, CEll, 
and CE2# as logic Inputs. The 
Data Control logic selects any of the PCMCIA word- 
wide, byte-wide, and odd-byte modes for either 
Reads or Writes to Common or Attribute ,Memory.All 
accesses to the Attribute Memory Plane must be 
made through 0[7:0) no valid data can be written on 
the high byte, Reads'of 0[15:8) will yield FFH. 


M d T 
th T bl 
" 
. 
a 
e . 
a 
ccess 
o e 
ru 
a 
e 
'" 


COMMON MEMORY PLANE 


Mode 
REG# 
CE2# 
CEll 
Aa 
OE# 
WEt 
VpP2 
VpP1 
D[15:8] 
D[7:0] 


Standby 
X 
VIH 
VIH 
X 
X 
X 
VPPL 
VpPL 
High-Z 
High-Z 


Byte-Read 
VIH 
VIH 
VIL 
VIL 
VIL 
VIH 
VPPL 
VpPL 
Hlgh-Z 
Even 


VIH 
VIH 
VIL 
VIH 
VIL 
VIH 
VpPL 
VpPL 
Hlgh-Z 
Odd 


Word-Read 
VIH 
VIL 
VIL 
X 
VIL 
VIH 
VpPL 
VpPL 
Odd 
Even 


Odd Byte-Read 
VIH 
VIL 
VIH 
X 
VIL 
VIH 
VpPL 
VpPL 
Odd 
Hlgh-Z 


Byte-Write 
VIH 
VIH 
VIL 
VIL 
VIH 
VIL 
XXX 
VPPH 
XXX 
Even 
. 


VPPH 
VIH 
VIH 
VIL 
VIH 
VIH 
VIL 
XXX 
XXX 
Odd 


Word-Write. 
VIH 
VIL 
VIL 
X 
' VIH 
VIL 
VpPH 
VpPH 
Odd 
Even 


Odd Byte-Write 
VIH 
VIL 
VIH 
X 
VIH 
VIL 
VPPH 
VpPL 
Odd 
XXX 


l 
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SERIES 
2+ FLASH 
MEMORY 
CARDS 
infel~ 


Table 3. Data Access 
Mode Truth 
Table 
(Continued) 


ATTRIBUTE 
MEMORY 
PLANE 


Mode 
REG# 
CE2# 
CE1# 
Ao 
OE# 
WEt 
VpP2 
VPP1 
0[15:8] 
0[7:0] 


Standby 
X 
V1H 
V1H 
X 
X 
X 
VpPL 
VpPL 
High·Z 
High·Z 


Byte-Read 
V1L 
V1H 
V1L 
V1L 
V1L 
V1H 
VpPL 
VpPL 
High·Z 
Even 


V1L 
V1H 
V1L 
V1H 
V1L 
V1H 
VpPL 
VpPL 
High·Z 
FFH 


Word·Read 
V1L 
V1L 
V1L 
X 
V1L 
V1H 
VpPL 
VpPL 
FFH 
Even 


Odd Byte-Read 
V1L 
V1L 
V1H 
X 
V1L 
V1H 
VpPL 
VpPL 
FFH 
High-Z 


Byte-Write 
V1L 
V1H 
V1L 
V1L 
V1H 
V1L 
VpPL 
VpPL 
XXX 
Even 


V1L 
ViH 
V1L 
V1H 
V1H 
V1L 
VpPL 
VpPL 
XXX 
XXX 


Word-Write 
V1L 
V1L 
V1L 
X 
V1H 
V1L 
VpPL 
VpPL 
XXX 
Even 


Odd Byte-Write 
V1L 
V1L 
V1H 
X 
V1H 
V1L 
VpPL 
VpPL 
XXX 
XXX 


NOTES: 


When 
using the Vpp generator, 
VpP1 and VpP2 are "don't care." 


3.3 Component 
Management 
Registers 


The Component 
Management 
Registers 
(CMRs) 
are 
classified 
into 
two 
categories: 
those 
defined 
by 
PCMCIA 
Rev 
2.0, 
and 
those 
included 
by 
Intel 
to 
enhance 
the interface 
between 
the host system 
and 
the card's 
flash 
memory 
array. 
The CMRs 
provide 


five 
control 
functions: 
Ready-Busy 
Mode 
selection, 


Voltage 
Control, 
Software 
Write 
Protection, 
Card 
Status 
and 
Soft 
Reset. 
For more 
details 
about 
the 
Component 
Management 
Register 
functionality, 


consult 
Intel's 
Series 
2+ Flash Memory 
Card User's 
Manual (297373). 
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3.4 SmartPower 


The 
Smart Power 
circuitry 
generates 
and 
monitors 
the 
card's 
programming 
voltages. 
When 
a 
host 
system 
does 
not 
provide 
a valid 
Vpp 
supply, 
the 
card's 
integrated 
generator 
can be switched 
on via 
the 
Voltage 
Control 
Register. 
The 
SmartPower 


circuitry 
also 
detects 
the 
host 
system's 
Vcc 
level 
(3.3V 
or 
5.0V) 
and 
configures. 
the 
card's 
flash 


memory 
devices, 
accordingly 
driving 
the 3/5# pin to 
the memory array to the appropriate 
value. 


The SmartPower 
circuitry 
is enabled 
by writing a "1" 


to Bit 0 of ~he Voltage Control Register. 


I 
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Table 4. Configuration 
Option Register· 
PCMCIA 


" 
(Soft Reset Register) 


Attribute 
Memory 
Plane Address: 
4000H 
Read/Wrlte 


SRESET 
LevlREQ 
Configuration 
Index 


7 
6 
5 
I 
4 
I 
3 
I 
2 
I . 
1 
I 
0 


Default: 02H 


Bit 6 = Level Request 
Driven Low 


Bits 5-0 = Configuration 
lndex 
May Be Written with Values 1-4. Refer to Index In 
CIS Card Configuration 
Table Tuple. 


Bit 7 = Soft Reset 
1 = Reset State 


, 0 = End Reset Cycle 


Table 5. Card Configuration 
and Statu& Register· 
PCMCIA 
(Global Power-Down Register) 


Attribute 
Memory 
Plane Address: 
4002H 
Read/Wrlte 


1-_7 __ 
-r-__6_--r_R_e_s_:_rv_e_d;---4-- 
--3--1 
PWR:WN1 
R_es_errv_e_d_ 
o 
__ 


Default: OOH 


Bit 2 = Power-Down 
1 = 28F016SAs 
In Reset Power-Down 
0= 
Power-Up 


Table 6. Card Status Register· 
Intel 


Attribute 
Memory 
Plane Address: 
4100H 
Read Only 


Reserved 
SRESET 
CMWP 
PWRDWN 
CISWP 
WP 
RDY/BSY# 


7 
I 
6 
5 
4 
3 
2 
1 
0 


Bit 5 = Soft Reset 
1 = Reset State 


Bit 4 = Common 
Memory Write Protect 
1 = Write Protected 
" 


Bit 3 = P,ower-Down 
1 = Power-Down 


Default: 01 H or 03H 


Bit 2 = Common 
Memory CIS Write Protect 
1 = Write Protected 


Bit 1 = Write Protect Switch 
1 = Write Protected 


Bit 0 = Card Ready/Busy# 
1 = Ready 


I 
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CARDS 


Table 7. Write Protection Register - Intel 


4 
-I 


Attribute 
Memory 
Plane Address: 
41 04H 
ReadlWrite 


3 
I 
BC:EN I 
CM,WP I 
CISoWP I 


Default: 
04H 


Bit 0 = Common 
Memory 
CIS Write 
Protect 
1 = Common 
Memory 
CIS in 
Write Protect 
Status 


o = Write Protect According 
to 
Independent 
2BF016SA 
Block Locking 


Reserved 


7 
6 
5 


Table 8. Voltage Control Register - Intel 


Bit 2 = Block Locking 
Enable 
1 = Enable 
Independent 
2BF016SA 
Block Locking 
o = All Blocks 
Unlocked 


Bit 1 = Common 
Memory 
Write Protect 
1 = Common 
Memory 
Minus the CMCIS 
in Write Protect Status 
o = Write Protect According 
to 
Independent 
2BF016SA 
Block Locking 


Vcc 
Reserved 
Vpp 
Vpp 
LEVEL 
VALID 
GEN 


7 
6 
I 
5 
I 
4 
I 
3 
I 
2 
1 
0 


Attribute 
Memory 
Plane Address: 
410CH 


. 
Read/Write 


Bit 7 = Vcc Level: Read Only Bit 
1 = Host Supplying 
3.3V 
o = Host Supplying 
5V 


Bit 1 = Vpp Valid 
1 = Vpp between 
11.4V and 12V 
0= 
Vpp Invalid 


Default: 
82 or '02H 


Bit 0 = Vpp Generation 


1 = Turn on Integrated 
Vpp Generator 
0= Turn off Integrated 
Vpp Generator 


Note: The Vpp Valid bit only reflects 
the state of 
the Vpp Generator, 
NOT the external 
Vpp. 


Table 9. Ready/Busy Mode Register - Intel 


Attribute 
Memory 
Plane Address: 
4140H 
Read/Write 
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Reserved 


2 


RACK 
M~DE 
I 


Default: 
OOH 


7 
6 
5 
4 
3 


Bit 0 = RDY/BSY# 
Mode 
1 = High-Performance 
Mode 
o = PCMCIA 
Level Mode 


Bit 1 = Ready AcKnowledge 
0= 
Clear RDY/BSY# 
I 


4.0 
DEVICE COMMAND 
SET 


The 
2BF016SAlDD2BF032SA-based 
Series 
2+ 
Command Set increases functionality over earlier 
2BFOOBSA-based 
designs 
while 
maintaining 
backwards compatibility. The extended command 
set incorporates many new features to improve 
programmability and write performance such as: 
page 
buffered 
writing, 
individual 
block 
locking, 
multiple RDY/BSY# configurations and device level 
queuing capabilities. The following pages list the 
Series 2+ command set and Bus Cycle Operations 
overview. 


Series 2+ Command 
Set 


Codes 
(H) 
Series 
2 Compatible 
Mode 


OOH 
Invalid/Reserved 


10H 
Alternate Data Write 


20H 
Single Block Erase 


40H 
Data Write 


50H 
Clear Status Registers 


70H 
ReadCSR 


90H 
Read ID Codes 


BOH 
Erase Suspend 


DOH 
Confirm/Resume 


FFH 
Read Flash Array 


I 
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Codes (H) 
Series 2+ Performance 
Enhancement 


OCH 
Page Buffer Write to Flash 


71H 
Read GSR or BSRs 


72H 
Page Buffer Swap 


74H 
Single Load to Page Buffer 


75H 
Read Page Buffer 


77H 
Lock Block 


BOH 
Abort 


96H,01H 
RY/BY# Level Mode Enable 


96H,02H 
RY/BY# Pulse-On-Write 


96H,03H 
RY/BY# Pulse-On Erase 


96H,04H 
RY/BY# Disable 


97H 
Upload Status Bits 


99H 
Upload Device Information 


A7H 
Erase All Unlocked Blocks 


EOH 
Sequential Load to Page 
Buffer 


FOH 
Sleep 
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First ~us Cycle 
Second Bus Cycle 


Command 
RIW 
Addr 
Data 
RIW 
Addr 
Data 


Byte 
Word 
Byte 
Word 


Read Array 
W 
DA 
FFH 
FFFFH 
R 
DA 
AD 
AD 


Intelligent Identifier 
W 
DA 
90H 
9090H 
R 
lA 
ID 
ID 


Read CSR (See 1) 
W 
DA 
70H 
7070H 
R 
DA 
CSRD 
CSRD 


Clear Status Register (See 2) 
W 
DA 
50H 
5050H 


Word/By1eWrite § 
W 
WA 
40H 
4040H 
W 
WA 
WO 
WO 


Word/By1eWrite (Alternate) § 
W 
WA 
10H 
1010H 
W 
WA 
WO 
WO 


Block Erase/Confirm § 
W 
BA 
20H 
2020H 
W 
BA 
DOH 
DODOH 


Erase Suspend/Resume 
W 
DA 
BOH 
BOBOH 
W 
DA 
DOH 
DODOH 


Table 10 
28F008SA-Compatible 
Mode Command Bus Definitions 


ADDRESSES: 
DATA: 
DA 
Device Address 
AD 
Array Data 
BA 
Block Address 
CSRD 
CSR Data 
lA 
Identifier Address 
ID 
Identifier Data 
WA 
Write Address 
WO 
Write Data 
§ = Queueable Commands 


NOTES: 
1. The CSR is automatically available after the device enters Data Write, Erase or Suspend operations. 
2. Clears CSR.3, CSR.4 and CSR.5. Also clears GSR.5 and all BSR.5 and BSR.2 bits. 
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Table 11. 28F016SA-Super-Set 
Mode Performance Enhancement Command Bus Definitions 


First 
Bus Cycle 
Second 
Bus Cycle 
Third 
Bus Cycle 


Command 
Notes 
Oper 
Addr 
Data 
Oper 
Addr 
Data 
Oper 
Addr 
Data 


Byte 
Word 
Byte 
Word 
Byte 
.Word 


Read Page 
W 
DA 
75H 
7575H 
R 
PA 
PD 
PDPD 


Buffer· 


Page Buffer 
6 
W 
DA 
72H 
,7272H 


Swap 


Single 
Load to 
W 
DA 
74H 
7474H 
W 
PA 
PD 
PDPD 


Page Buffer 


Sequential 
4,5 
W 
DA 
EOH 
EOEOH 
W 
DA. 
BCH 
W 
DA 
BCH 


Load to Page 


Buffer 


Page Buffer 
3,4,5 
W 
DA 
OCH 
OCOCH 
W 
Ao 
BC(L,H) 
W 
WA 
BC(H,L) 


Write to Flash 


Array§ 


RY/BY# 
Pulse- 
7 
W 
DA 
96H 
9696H 
W 
DA 
DOH 
DODOH 


On-Erase 
§ 


RY/BY# 
Pulse- 
7 
W 
DA 
96H 
9696H 
W 
DA 
D1H 
D1D1H 


On-Write 
§ 


RY/BY# 
7 
W 
DA 
96H 
9696H 
W 
DA 
D2H 
D2D2H 


Enable to 
Level-Mode 
§ 


RY/BY# 
7 
W 
DA 
96H 
9696H 
W 
DA 
D3H 
D3D3H 


Disable 
§ 


Lock Block! 
W 
DA 
77H 
7777H 
W 
BA 
DOH 
DODOH, 


Confirm 
§ 


Upload 
Status 
2 
W 
DA 
97H 
9797H 
W 
DA 
DOH 
DODOH 
Bits! 


Confirm 
§ 


Read Extended 
1 
W 
DA 
71H 
7171H 
R 
RA 
GSRD/BSRD 


Status 
Registers 


Erase All 
W 
DA 
A7H 
A7A7H 
W 
DA 
DOH 
DODOH 


Unlocked 
11 
Blocksl 
Confirm 
§ 
- 


Sleep 
W 
DA 
FOH 
FOFOH 


Abort 
W 
'DA 
80H 
8080H 


Up load Device 
W 
DA 
99H 
9999H 
W 
DA 
DOH 
DODOH 
Information 
l 
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~DDRESSES 
DA 
Device Address 
BA 
Block Address 
lA 
Identifier Address 
PA 
Page Buffer Address 
RA 
Extended Register Address 
WA 
Write Address 
X 
Don't Care 


§ = Queueable Commands 


DATA 
AD 
CSRD 
G/BSRD 
ID 
WD 
PD 


Write Address 
CSR Data 
GSRlBSR Data 
,Identifier Data 
Write Data 
Page Buffer Data 


DATA COUNTS 
WC(L,H) 
Word Count (Low, High) 
BC(L,H) 
Byte Count (Low, High) 
WD(L,H)V 
Write Data (Low, High) 


NOTES: 
1. 
RA can be the GSR address or any.BSR address. 
2. 
Upon device power-up, all BSR lock-bits are locked. The Lock Status Upload command must be written to reflect the 
actual lock-bit status. 


3. 
Ao is automatically complemented to load the second byte of data. 
4. 
BCH/WCH must be at OOHfor this product because of the 256-byte Page Buffer size andto avoid writing the Page Buffer 
contents.into more than one 256-byte segment within an array block. They are simply shown for Page Buffer expandability. 


5. 
PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle (not shown).• 


6. 
This command allows the user to swap between available page buffers (0 or 1). 
7. 
These commands reconfigure RY/BY# output to one of two pulse modes, or they enable and disable the RY/BY# function. 


5.0 DEVICE STATUS REGISTER 
Global Status Register contains queue and page 
buffer ipforrnation about each device. Each block 
within the device has a Block Status 
Register 
assigned to it. The Block Status Register contains 
the Block Locking Status and other information 
specific to the block being addressed. 


Each 28F016SA has three types of status registers: 
the Compatible Status Register (CSR), the Global 
Status 
Register 
(GSR) 
and 
the 
Block 
Status 
Register (BSR). The Compatible Status Register is 
identical to the 28F008SA Status Register. The 


Table 12. Compatible Status Register 


Read Only Register 


'-W--~-M-S-''--E-:-S--'----:-S--'---D-:-s---I 
VP:S 


CSR.7 = WRITE STATE MACHINE ,STATUS 
(WSMS) 
1 = Ready 
0= Busy 


CSR.6 = ERASE-SUSPEND STATUS (ESS) 
1 = Erase Suspended 
o = Erase In Progress/Completed 


CSR.5 = ERASE STATUS (ES) 
1 = Error In BI0CkErasure 
o = Successful Block Erase 
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Reserved 


2 
o 


Default: 80H 


CSR.4 = DATA-WRITE STATUS (DWS) 
1 = Error in Data Write 
o = Data Write Successful 


CSR.3 = Vpp STATUS (VPPS) 
1 = Vpp Low Detect, Operation Abort 
0= VppOK 


I 


SERIES 
2+ FLASH 
MEMORY 
CARDS 


ESS 
ES 


Table 13. Global Status Register 


Reserved 


6 
5 
o 


DWS 
VPPS 


CSR.7 =.WRITE STATE MACHINE STATUS 
(WSMS) 
1 = Ready 
0= Busy 


CSR.6 = ERASE-SUSPEND STATUS (ESS) 
1 = Erase Suspended 
o = Erase In Progress/Completed 


CSR.5 = ERASE STATUS (ES) 
1 = Error In Block Erasure 
o = Successful Block Erase 


4 
3 
2 


Default: SOH 


CSR.4 = DATA-WRITE STATUS (DWS) 
1 = Error in Data Write 
o = Data Write Successful 


CSR.3 = Vpp STATUS (VPPS) 
1 = Vpp Low Detect, Operation Abort 
0= Vpp OK 


-- 


BS 
BOS 


Table 14. Block Status Register 


Reserved 


5 
o 


BLS 
BOAS 


4 


QS 
VPPS 


7 
6 


BSR.7 = BLOCK STATUS (BS) 
1 = Ready 
0= Busy 


BSR.6 = BLOCK-LOCK STATUS (BLS) 
1 = Block Unlocked for Write/Erase 
o = Block Locked for Write/Erase 


BSR.5 = BLOCK OPERATION STATUS (BOS) 
1 = Operation Unsuccessful 
o = Operation Successful or 
Currently Running 


I 
3 
2 


Default: SOH 


BSR.4 = BLOCK OPERAT~ONABORT STATUS 
(BOAS) 
. 


1 = Operation Aborted 
o = Operation Not Aborted 


6.0 
PCMCIA 
CARD INFORMATION 
STRUCTURE 


The Card Information Structure (CIS) begins at 
address OOOOOOOOH 
of the card's Attribute Memory 
Plane. It contains a variable length chain of data 
blocks (tuples) that conform to a basic format 
('fable 15). The CIS of the Series 2+ Flash Memory 
Card is found in Table 16. 


[ 


BSR.3 = QUEUE STATUS (QS) 


• 
1 = Queue Full 
o = Queue Available 


BSR.2 = Vpp STATUS (VPPS) 
1 = Vpp Low Detect, Operation Abort 
O=VppOK 


Table 15. PCMCIA Tuple Format 


Bytes 
Data 


0 
Tuple Code: CISTPL_xxx. The tuple 
code OFFHindicates no more tuples in 
the list. 


1 
Tuple Link: TPL_LlNK. Link to the next 
tuple in the list. This can be viewed as 
the number of additional bytes in tuple, 
excluding this byte. A link field of zero 
indicates an empty tuple body. A link 
field containing OFFHindicates the last 
tuple in the list. 


2-n 
Bytes specific to this tuple. 


, 
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Table 
16. 
Tuples 
for Series 
2+ Card 


Address 
Value 
. Description 


OOh 
01H 
CISTPL 
DEVICE 


02h 
04H 
TPL_LlNK 


04h 
57H 
FLASH 


06h 
22H 
150 ns 


32H 
250 nx 


CARD SIZE 


08h 
PEH 
4MB 


1EH 
8MB 


4EH 
20MB 


9EH 
40 MB 


OAH 
FFH 
END OF DEVICE 


OCH 
1CH 
CISTPL_DEVICE_OC 


OEH 
05H 
TPL 
LINK 


10H 
02H 
OTHER 
CONDITIONS 
- 3 Vcc 


12H 
57H 
FLASH 


14H 
32H 
250 ns 


CARD 
SIZE 


16H 
OEH 
4MB 


1EH 
8 MB 


4EH 
20MB 


9EH 
40MB 


18H 
FFH 
END OF DEVICE 


1AH 
17H 
CISTPL_DEVICE_A 


1CH 
04H 
TPL_LlNK 


1EH 
1FH 
ROM 


20H 
22H 
150 ns 


22H 
01H 
2 Kb 


24H 
FFH 
END OF DEVICE 


26H 
1DH 
CISTPL 
DEVICE 
OA 


28H 
05H 
TPL 
LINK 


2AH 
02H 
OTHER 
CONDITIONS 
- 3 Vcc 


2CH 
17H 
ROM 


2EH 
32H 
250 ns 


30H 
01H 
2 Kb 


32H 
FFH 
END OF DEVICE 


34H 
18H 
CISTPL 
JEDEC 
C 


36H 
02H 
TPL 
LINK 


38H 
89H 
·INTEL J-ID 
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3AH 
AOH 
28F016 
J-ID 


3CH 
OOH 
NULL CONTROL 
TUPLE 


3EH 
15H 
CISTPL 
VERS 
1 


40H 
39H 
TPL_LlNK 


42H 
04H 
TPLL V1 
MAJOR 


44H 
01H 
TPLLV1_MINOR 


TPLLVUNFO 


46H 
49H 
I 


48H 
6EH 
n 


4AH 
74H 
t 
I 


4CH 
65H 
e 


4EH 
6CH 
I 


SOH 
OOH 
END TEXT 


52H 
53H 
S 


54H 
32H 
2 


56H 
45H 
E 


58H 
34H 
4MB 


38H 
8 MB 


32H 
20MB 


34H 
40MB 


5AH 
20H 
4MB 


20H 
8MB 


30H 
20MB 


30H 
40MB 


5CH 
53H 
S 


20H 
SPACE 


5EH 
57H 
W 


20H 
SPACE 


60H 
OOH 
ENDTEXT 


62H 
43H 
C 


64H 
4FH 
0 


66H 
SOH 
P 


68H 
59H 
Y 


6AH 
52H 
R 


6CH 
49H 
I 


6EH 
47H 
G 


70H 
48H 
H 


72H 
54H 
T 
I 
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Address 
Value 
Description 
Address 
Value 
Description 


74H 
20H 
SPACE 
BEH 
40H 
TPCC 
RADR 


76H 
49H 
I 
COH 
03H 
TPCC 
RMSK 


78H 
6EH 
n 
C2H 
OOH . 
NULL CONTROL 
TUPLE 


7AH 
74H 
t 


I 
C4H 
1BH 
CISTPL 
CFTABLE 
ENTRY 


7CH 
65H 
e 
I 
C6H 
08H 
TPL 
LINK 


7EH 
6CH 
I 
C8H 
01H 
TPCE 
INDEX 
(01 H) 


80H 
20H 
SPACE 
CAH 
01H 
TPCE 
FS 
(Vee 
ONLY) 


82H 
43H 
C 
TPCE_PD· 


84H 
4FH 
0 
CCH 
79H 
Vee PARAMETER 


86H 
52H 
R 
I 
SELECTION 
BYTE 


88H 
50H 
P 
CEH 
55H 
Vee NOMINAL 
VOLTAGE 


8AH 
4FH 
0 
5V±5% 


8CH 
52H 
R 
DOH 
53H 
Ice STATIC 
500 IJA 


8EH 
41H 
A 
~ 
D2H 
1EH 
Ice AVERAGE 
150 mA 


90H 
54H 
T 
D4H 
1EH 
Ice PEAK 150 mA 


92H 
49H 
I 
D6H 
1BH 
Ice PWRDWN 
200 IJA 


94H 
4FH 
0 
D8H 
1BH 
CISTPL 
CFTABLE 
ENTRY 


96H 
4EH 
N 
DAH 
OFH 
TPL 
LINK 


98H 
20H 
- 
SPACE 
DCH 
02H 
TPCE 
INDEX 
(02H) 


9AH 
31H 
1 
DEH 
02H 
TPCE 
FS (Vee AND Vpp) 


9CH 
39H 
- 
9 
TPCE_PD 


9EH 
39H 
9 
EOH 
79H 
Vee PARAMETER 


AOH 
33H 
' , 
3 
SELECTION 
BYTE 


A2H 
20H 
SPACE 
E2H 
55H 
Vee NOMINAL 
VOLTAGE 


A4H 
47H 
.G 
5V±5% 


A6H 
4CH 
L 
E4H 
2BH 
Ice STATIC 
250IJA 


A8H 
41H 
A 
E6H 
06H 
Ice AVERAGE 
100 mA 


AAH 
44H 
D 
. E8H 
06H 
Ice PEAK 100 mA 


ACH 
45H 
E 
EAH 
52H 
Ice PWRDWN 
50 IJA 


AEH 
4BH 
K 
TPCE 
PD 


BOH 
OOH 
END TEXT 
ECH 
79H 
Vpp PARAMETER 


B2H 
FFH 
END OF LIST 
SELECTION 
BYTE 


B4H 
1AH 
CISTPL_CONF 
EEH 
8EH 
12.0V ± 5% 


B6H 
05H 
TUPL 
LINK 
FOH 
7DH 
NC OK ON STANDBY 
& PWD 


B8H 
01H 
TPCC 
SZ 
F2H 
53H 
- 
Ipp STATIC 
500 IJA 


BAH 
04H 
TPCC 
LAST 
F4H 
25H 
Ipp AVERAGE 
20 mA 


BCH 
OOH 
TPCC_RADR 
F6H 
25H 
Ipp PEAK 20 mA 


Table 
16 
Tuples 
for Series 
2+ Card 
(Contd 
) 


I 
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Table 
16. 
Tuples 
for Series 
2+ Card (Contd.) 


Address 
Value 
Description 


F8H 
52H 
Ipp 
PWRDWN 
50 IJA 


FAH 
1BH 
CISTPL_ CFT ABLE_ENTRY 


FCH 
09H 
TPL_LlNK 


FEH 
03H 
TPCE 
INDEX 
(03H) 


100H 
01H 
TPCE_FS 
(Vcc ONLY) 


TPCE_PD 


102H 
79H 
Vcc PARAMETER 


SELECTION 
BYTE 


104H 
B5H 
Vcc = 3.3V 


106H 
,1EH 
EXTENSION 
BYTE 


108H 
04H 
lee STATIC 
1 mA 


10AH 
1EH 
Ice AVERAGE 
150 mA 


10CH 
1EH 
lee PEAK 150 mA 


10EH 
53H 
lee PWRDWN 
500 IJA 


110H 
1BH 
CISTPL 
CFTABLE 
ENTRY 


112H 
10H 
TPL_LlNK 


114H 
04H 
TPCE 
INDEX 
(04H) 


116H 
02H 
TPCE 
FS (VCC AND Vpp) 


TPCE_PD 


118H 
79H 
Vcc PARAMETER 


SELECTION 
BYTE 


11AH 
B5H 
Vcc = 3.3V 


11CH 
1EH 
EXTENSION 
BYTE 


11EH 
2BH 
lee STATIC 
250 IJA 


120H 
06H 
Icc AVERAGE 
100 mA 


122H 
06H 
lee PEAK 
100 mA 


124H 
52H 
lee PWRDWN 
50 IJA 


TPCE_PD 


126H 
79H 
Vpp PARAMETER 


SELECTION 
BYTE 


128H 
8EH 
12.0V =/- 5% 


12AH 
7DH 
NC OK ON STANDBY 
& PWD 


12CH 
53H 
Ipp STATIC 
500 IJA 


12EH 
25H 
Ipp AVERAGE 
20 mA 


130H 
25H 
Ipp PEAK 20 mA 


132H 
1BH 
Ipp PWRDWN 
150 IJA 


134H 
OOH 
NULL CONTROL 
TUPLE 
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136H 
OOH 
NULL CONTROL 
TUPLE 


138H 
1EH 
CISTPL 
DEVICEGEO 


13AH 
06H 
TPL_LlNK 


13CH 
02H 
DGTPL_BUS 


13EH 
11H 
DGTPL 
EBS 


140H 
01H 
DGTPL_RBS 


142H 
01H 
DGTPL_WBS 


144H 
01H 
DGTPL 
PART = 1 


146H 
01H 
FLASH 
DEVICE 


INTERLEAVE 


148H 
20H 
CISTPL 
MANFID 


14AH 
04H 
TPL_LlNK 
(04H) 


TPLMID_MANF 


14CH 
89H 
LSB 


14EH 
OOH 
MSB 


150H 
12H 
4MB-150ns 


22H 
8MB-150ns 


42H 
20 MB - 150 ns 


62H 
40 MB - 150 ns 


152H 
84H 
TPLMID 
CARD 
MSB 


154H 
21H 
CISTPL_FUNCID 


156H 
02H 
TPL_LlNK 


158H 
01H 
TPLFID_FUNCTION 


(MEMORY) 


15AH 
OOH 
TPLFID_SYSINIT 
(NONE) 


15CH 
FFH 
CISTPL_END 


OOH 
INVALID 
ADDRESS 


(156H-1FEH) 
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7.0 
SYSTEM 
DESIGN 
CONSIDERATIONS 


7.1 
Power Supply Decoupling 


Flash 
memory' 
power-switching 
characteristics 


require 
careful 
device 
decoupllng. 
System 


designers are interested in three supply current 
issues: standby, active and transient current peaks 
which are produced by rising and falling edges of 
CE,# and CE2#. The capacitive and inductive loads 
on the card and internal flash memory device pairs 
determine the magnitudes of these peaks. 


Three-line control and proper decoupllnq 
capacitor· 


selection 
suppress 
transient 
voltage 
peaks. 
Series 
2+ 
cards 
contain 
on-card 
ceramic 


decoupling capacitors connected between Vcc and 
GND, and between VPP,NpP2and GND. 


The card connector should also have a 4.7 
IJF 


electrolytic capacitor between Vcc and GND, as 
well as between VPP,NpP2 and GND. The bulk 
capacitors overcome voltage slumps caused by 
printed-circuit-board trace inductance, and supply 
charge to the smaller capacitors as needed. 


7.2 
Power-Up/Down 
Protection 


The 
PCMCIAlJEIDA-specified 
socket 
properly 


sequences the power supplies to the flash memory 
card 
via shorter 
and longer 
pins. This 
design 


assures that hot insertion and removal will not 
result in card damage or data loss. 
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Each device in the memory card is designed to 
offer 
protection 
against 
accidental 
erasure 
or 


writing, caused by spurious system-level 
signals 


that may exist during power transitions. The card 
will power-up into the read state. 


A system designer must guard against active writes 
for Vcc voltages above VLKO when Vpp is active. 
Since both WE# and CE,# 
must be low for a 


command write, driving either to V1H will inhibit 
writes. 
With 
its 
control 
register 
architecture, 


alteration 
of device 
contents 
only 
occurs 
after 
successful completion of the two-step command 
sequences. While these precautions are sufficient 
for 
most 
applications, 
an 
alternative 
approach 


would allow Vcc to reach its steady state value 
before raising VPP,NpP2 above Vcc + 2.0V. In 
addition, upon powering down, VPP,NpP2should be 
below Vcc + 2.0V before lowering Vcc. 


NOTE 


The Integrated Vpp generator defaults to the 
power off condition after reset and system 
power-up. 
The Vpp 
Generation 
circuitry 


must be enabled for the memory card to 
.operate in 3.3V-Only or 5.0V-Only mode.· 


7.3 
Hot Insertion/Removal 


l'he capability to remove or insert PC cards while 
the 
system 
is 
powered 
on 
(i.e., 
hot 
insertion/removal) 
requires 
careful 
design 


approaches on the system and card levels. To 
design 
for 
this 
capability, 
consider 
card 
over- 
voltage 
stress, 
system 
power 
fluxuations 
and 
control line stability. 
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8.0 ELECTRIC~L 
SPECIFICATIONS 


8.1 
Absolute 
Maximum 
Ratings· 


NOTICE: 
This 
is a production 
datasheet. 
The 


specifications 
are 
subject 
to 
change 
without 
notice. 


Operating 
Temperature 
During Read 
O°C to +60°C(1) 
During Write 
O°C to +60°C 


Storage 
Temperature 
-30°C to +70°C(2) 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0V to Vcc +2.0V(2) 


VpP1NpP2 Supply 
Voltage 
with 
Respect 
to Ground 
-2.0V to Vcc +14.0V(2.3) 


Vcc Supply Voltage 
with 
Respect 
to Ground 
-O.~V to +7.0V 


NOTES: 


1. Operating 
temperature 
is for commercial 
product 
defined 
by this specification. 


2. 
Minimum 
DC input voltage 
is -0.5V. During transitions, 
inputs may undershoot 
to 2.0V for periods 
less 
than 20 ns. Maximum 
DC voltage 
on output pins is Vcc +0.5V, which may overshoot 
to Vcc + 2.0V for 
periods 
less than 20 ns. 


3. 
Maximum 
DC input voltage 
on VpP1NpP2 may overshoot 
to +14.0V 
for periods 
less than 20 ns. 


4. 
Vpp generator 
tumed 
"on" for 3.3V or 5.0V only operation. 


·WARNlNG: 
Stressing 
the 
device 
beyond 
the 
"Absolute Maximum Ratings" may cause permanent 
damage. These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is 
not 


recommended and extended exposure beyond the 
"Operating Conditions" may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc at 3.3V, 
12V Vpp 
Vcc Supply Voltage 
(±o.3V) 
3.0 
3.6 
V 


Vcc at 3.3V, Vpp Gen4 
Vcc Supply Voltage 
(±0.15V) 
3.15 
3.45 
V 


Vcc at 5.0V 
Vcc Supply Voltage 
(±o.25V) 
.4.75 
5.25 
V 
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9.0 
SERIES 2+ DC CHARACTERISTICS 


9.1 General 


Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Leakage 
Current 
1.3. 
±20 
~ 
Vee =Ycc 
Max 


V1N= Vee or GND 


ILO 
Output 
Leakage 
Current 
1 
±20 
IlA 
Vee = Vee Max 
. 


c 


VouT=Vee 
or GND 
, 


V1l5 
Input Low Voltage 
1 
0 
0.8 
V 
Vee = 5V 


V1l3.3 
0.7 
Vee = 3.3V 


V1H5 
Input High Voltage 
1 
2.4 
Vee+ 
0.5 
V 
Vee = 5V 


V1H3.3 
2.2 
Vee+ 
0.3 
Vee = 3.3V 


VOl 
Output 
Low Voltage 
1 
0.4 
V 
IOl = 3.2 mA 


VOH 
Output 
High Voltage 
1 
Vee- 
0.4 
.Vee 
V 
IOH= -2.0 mA 


VPPl 
V pp during 
Read Only 
1.2 
0 
6.5 
V 
Operations 


VPPH 
Vpp during 
ReadlWrite 
1 
11.4 
12.6 
V 
. 


Operations 


VlKO 
Vee EraselWrite 
Lock 
1 
2.0 
V 
Voltage 
r, 


NOTES: 


1. Values 
are the same for byte and word wide modes for all card densities. 


2. 
Block Erases/Data 
Writes 
are inhibited 
when Vpp and VPPl are not guaranteed 
in the range between 
VpPH 
and VPPl' 


3. 
Exceptions: 
With V1N= GND. the leakage 
current on CE1#. CE2#. 
REG#. OE#. and WE# 
will be < 500 IlA 
due to internal 
pull-up 
resistors. 
With V1N= Vec. RST leakage 
current 
will be < 500 IlA due to internal 
pull- 
down resistors. 
With V1N= Vec. A21-A2& 
leakage 
current 
will be <100 IJA due to internal 
pull down 
resistors. 
. 


I 
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9.2 
CMOS Interfacing: 
Vcc = 3.3V 


Series 2+ DC Characteristics 
(1) 


Sym 
Parameter 
Density 
Notes 
x8 Mode 
x16 Mode 
Unit 
Test Conditions 


(Mbytes) 
Typ 
Max 
Typ 
Max 


iCCR 
Vcc Read Current 
4,8,20,40 
2,3 
75 
100 
mA 
Vcc = Vcc Max 
tcVCLE= 250 ns 


Iccw 
Vcc Write Current 
4,8,20,40 
2,3,4 
40 
50 
mA 
Vpp Gen = OFF 
during 
Data Write 


2,3,5 
100 
175 
mA 
Vpp Gen = ON 
during 
Data Write 


ICCE 
Vcc Erase Current 
4,8,20,40 
2,3,4 
40 
50 
mA 
Vpp Gen = OFF 


2,3,5 
80 
150 
mA 
Vpp Gen = ON 


ICCSL 
Vcc Sleep Current 
4 
3,4,6 
12 
20 
12 
20 
j1A 
vcc = vcc Max 


8 
14 
30 
14 
30 
Control 
Signals = 


20 
20 
60 
20 
60 
Vcc 


40 
30 
110 
30 
110 


'ccs 
Vcc Standby 
4 
2,3,4,6 
75 
115 
110 
210 
j1A 
Vcc = Vcc Max 


Current 
8 
80 
125 
115 
230 
Control 
Signals = 


20 
85 
155 
120 
250 
Vcc 


40 
100 
200 
150 
300 


Ippw 
Vpp Write Current 
4,8,.20,40 
2,3,4 
10 
15 
20 
30 
mA 
Data Write in 
Progress 
i 


Vpp = VPPH 


IpPE 
Vpp Erase Current 
4,8,20,40 
2,3,4 
6 
12 
12 
22 
mA 
Block (Pair) 
Erase in Progress 
Vpp = VPPH 


IpPsL 
Vpp Sleep Current 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp$ 
Vcc 


Ipps 
Vpp Standby/ 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp$ vcc 
Read Current 


CMOS 
Test Conditions: 
V1L = GND ± O.2V 
V1H = Vcc 
± O.2V 


NOTES: 


1. 
All currents 
are RMS values 
unless 
otherwise 
specified. 
Typical 
Vcc 
= 5V, Vpp = 12V, T= 25°C. 


2. 
Two devices 
active in word mode, one device active 
in byte mode. 


3. 
Devices 
not addressed 
are in sleep mode. 


4. 
Vpp Generation 
qircuitry 
turned 
off: 


5. 
Vpp Generation 
Circuitry 
turned 
on. 


6. 
Control 
Signals, 
CE1#, CE2#, OE#, WE#, 
REG#. 
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9.3 CMOS Interfacing: Vcc = 5.0V 


Series 
2+ DC Characteristics 
(1) 


•• 


Sym 
Parameter 
Density 
Notes 
x8 Mode 
x16 Mode 
Unit 
Test Conditions 


(M bytes) 
Typ 
Max 
Typ 
Max 


lcca 
Vee Read Current 
4,8,20,40 
2,3 
140 
160 
mA 
Vee = Vee Max 
tcvcts = 250 ns 


lccw 
vcc Write Current 
4,8,20,40 
2,3,4 
85 
120 
mA 
Vpp Gen = OFF 
during 
Data Write 


2,3,5 
120 
150 
mA 
Vpp Gen = ON 
during 
Data Write 


lees 
Vee Erase Current 
4,8,20,40 
2,3,4 
75 
100 
mA 
Vpp Gen = OFF 


2,3,5 
100 
150 
mA 
Vpp Gen = ON 


lccst, 
Vee Sleep. Current 
4 
3,4,6 
12 
20 
12 
20 
)lA 
Vee = vcc Max 


8 
14 
30 
14 
30 
Control 
Signals = 


: 
20 
20 
60 
20 
60 
Vee 
. 


40 
30 
110 
30 
110 


lees 
Vee Standby 
4 
2,3,4,6 
75 
115 
110 
210 
)lA 
Vee = Vee Max 


Current 
8 
80 
125 
115 
230 
Control 
Signals = 


I 


20 
85 
155 
120 
250 
Vee 


40 
100 
200 
150 
300 


Ippw 
Vpp Write Current 
4,8,20,40 
2,3,4 
6 
12 
14 
24 
mA 
Data Write in 
Progress 
Vpp = VPPH 


IpPE 
Vpp Erase Current 
4,8,20,40 
2,3,4 
6 
12 
12 
22 
mA 
Block (Pair) 
Erase in Progress 
Vpp = VPPH 


IpPsL 
Vpp Sleep Current 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp:S; Vee 


Ipps 
Vpp Standbyl 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp:S; Vce 
Read Current 


CMOS Test Conditions: VrL = GND ± O.2V,VrH = Vcc ± O.2V 


NOTES: 


1. 
All currents are RMS values unless otherwise specified. Typical Vce = 5V. Vpp= 12V, T = 25°C. 


2. 
Two devices active in word mode. one device active in byte mode. 


3. 
Devices not addressed are in sleep mode. 


4. 
Vpp Generation Circuitry turned off. 


5. 
Vpp Generation Circuitry turned on. 


6. 
Control Signals, CE1#, CE2#. OE#. WE#, REG#. 
l 
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9.4 TTL Interfacing: Vcc = 3.3V 


Series2+ DC Characteristics(1) 


Sym 
Parameter 
Density 
Notes 
x8 Mode 
x16 Mode 
Unit 
Test Conditions 


(Mbytes)· 
Typ 
Max 
Typ 
Max 


ICCR 
Vcc Read Current 
4,8,20,40 
2,3 
75 
90 
mA 
Vcc = Vcc Max 
tCYCLE= 250 ns 


Iccw 
Vcc Write Current 
4,8,20,40 
2,3,4 
85 
100 
mA 
Vpp Gen = OFF 
during 
Data Write 


2,3,5 
150 
225 
mA 
Vpp Gen = ON 
during 
Data Write 


ICCE 
Vcc Erase Current 
4,8,20,40 
2,3,4 
85 
100 
mA 
Vpp Gen = OFF 


2,3,5 
125 
180 
mA 
Vpp Gen = ON 


ICCSL 
Vcc Sleep Current 
4,8,20,40 
3,4,6 
70 
70 
mA 
Vcc = Vcc Max 
Control 
Signals = 


V1H 
. 


tees 
Vcc Standby 
4,8,20,40 
2,3,4,6 
70 
70 
mA 
Vcc = Vcc Max 


Current 
Control 
Signals = 


V1H 


Ippw 
Vpp Write Current 
4,8,20,40 
2,3,4 
10 
15 
20 
30 
mA 
Data Write in 
Progress 
Vpp = VPPH 


IpPE 
Vpp Erase Current 
4,8,20,40 
2,3,4 
5 
10 
10 
20 
mA 
Block (Pair) 
Erase in Progress 
Vpp = VPPH 


IpPSL 
Vpp Sleep Current 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp$ 
Vcc 


Ipps 
Vpp Stand by/ 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp$ 
Vcc 
Read Current 


TTL Test Conditions: V1L = O.7V,V1H = 2.2V 


NOTES: 


1. 
All currents are RMS values unless otherwise specified. Typical VCC= 5V, Vpp= 12V,T= 25°C. 


2. 
Two devices active in word mode, one device active in byte mode. 


3. 
Devices not addressed are in sleep mode. 


4. 
Vpp Generation Circuitry tumed off. 


5. 
Vpp Generation Circuitry tumed on. 


6. 
Control Signals, CE1#, CE2#, OE#, WE#, REG#. 
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9.5 TTL Interfacing: Vcc = 5.0V 


Series2+ DC Characteristics(1) 


Sym 
Parameter 
Density 
Notes 
x8 Mode 
x16 Mode 
Unit 
Test Conditions 


.(Mbytes) 
Typ 
Max 
Typ 
Max 


ICCR 
Vcc 
Read Current 
4,8,20,40 
2,3 
170 
190 
mA 
Vcc = Vcc Max 
tCYCLE= 150 ns 


Iccw 
Vcc Write Current 
4,8,20,40 
2,3,4 
135 
170 
mA 
Vpp Gen = OFF 
during 
Data Write 


2,3,5 
170 
250 
mA 
Vpp Gen =ON 
during 
Data Write 


Ieee 
Vee Erase Current 
4,8,20,40 
2,3,4 
125 
150 
mA 
Vpp Gen = OFF 


2,3,5 
150 
200 
mA 
Vpp Gen = ON 


lccsr 
vcc Sleep Current 
4,8,20,40 
3,4,6 
100 
100 
mA 
vcc = vcc Max 
Control 
Signals = 
V1H 


lees 
Vcc Standby 
4,8,20,40 
2,3,4,~ 
100 
100 
mA 
Vce = Vcc Max 
Current 
Control 
Signals = 
V1H 


Ippw 
Vpp Write Current 
4,8,20,40 
2,3,4 
7 
12 
14 
24 
mA 
Data Write in 
Progress 
Vpp = VPPH 


IpPE 
Vpp Erase Current 
4,8,20,40 
2,3,4 
5 
10 
10 
20 
mA 
Block (Pair) 
Erase in Progress 
Vpp = VPPH 


IpPsL 
Vpp Sleep Current 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp$ vcc 


Ipps 
Vpp Stand by/ 
4,8,20,40 
2,3,4 
0 
0.5 
0 
0.5 
mA 
Vpp$ 
Vcc 
Read Current 


TIL Test Conditions: V1L = o.sv, V1H = 2.4V 


NOTES: 


1. 
All currents are RMS values unless otherwise specified. Typical Vcc = 5V, Vpp= 12V, T= 25°C. 


2. 
Two devices active in word mode, one device active in byte mode. 


3. 
Devices not addressed are in sleep mode. 


4. 
Vpp Generation Circuitry tumed off. 


5. 
VppGeneration Circuitry tumed on. 


6. 
Control Signals, CE,#, CE2#, OE#, WE#, REG#. 


I 
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10.0 
AC CHARACTERISTICS 


AC 
Timing 
Diagrams 
and 
characteristics 
are 
guaranteed 
to 
meet 
or 
exceed 
PCMCIA 
2.1 
specifications. 
No 
delay 
occurs 
when 
switching 
between 
the 
Common 
and 
Attribute 
Memory 
Planes. 
. 


10.1 
Read Operations: 
Common and Attribute 
Memory 


Symbol 
Parameter 
150 ns at 5V 
250 ns at 3.3V 
Unit 


JEDEC 
PCMCIA 
Min 
Max 
Min 
Max 


tAVAV 
tRC 
Read Cycle Time 
150 
250 
ns 


tAVOV 
ta (A) 
Address 
Access 
Time 
150 
250 
ns 


tELOV 
ta (CE) 
Card Enable Access 
Tlrne 
150 
250 
ns 


~LOV 
ta (OE) 
Output 
Enable Access 
Time 
75 
125 
ns 


tEHOX 
tdis (CE) 
Output 
Disable Time from CE# 
75 
100 
ns 


tGHOZ 
tdis (OE) 
Output 
Disable Time from OE# 
75 
100 
ns 


~LOX 
ten (CE) 
Output 
Enable Time from CE# 
5 
5 
ns 


tELOX 
ten (OE) 
Output 
Enable Time from OE# 
5 
5 
ns 


tpHOV 
Power· Down Recovery 
to 
530 
670 
ns 
Output 
Delay. Vcc = 5V 
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$lANOOT 
Vcc 
POWER-OOWN 


. DEVICE 
AND 


ADDRESS 
stlECTION 
Ycc 
POWCR-UP 


V'H ..-....,...-..,..--..,..... 
••••• _,.--,. 


STANOBY 
OUTPUTS 
ENABLED 
DATA VALID 


ADDRESSES (A) 
ADDRESSES 
STABLE 


f------------- 
tAVAV --------------i 


Figure 3. AC Waveforms for Read Operations 


I 


\clOV 


tcHQZ 


HIGH Z 


V'H 


WE. 
(w) 


1-----·"0'f-------i 


tolQX 
no.----u~;;~v_------ 


t.•XOll 


049102..~. 


V'H 


er- (c) 


HIGH 
Z 
DATA (D/Q) 
VALID OUTPUT 


NOTE1: The t\otch.cl or.a 
mo, 
be eith.r 
high or low. 
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10.2 
Write Operations: 
Common and Attribute 
Memory 
(1) 


Symbol 
Parameter 
150 ns at 5V 
250 ns at 3.3V 
Unit 


JEDEC 
PCMCIA 
Min 
Max 
Min 
Max 


tAvAV 
tcW 
Write Cycle Time 
. 
150 
250 
ns 


tWLWH 
tw (WE) 
Write Pulse Width 
80 
150 
ns 


tAVWL 
tsu (A) 
Address 
Setup Time 
20 
30 
ns 


tAVWH 
tsu (A-WEH) 
Address 
Setup Time for WE# 
100 
180 
ns 


tvPWH 
tvps 
Vpp Setup to WE# Going High 
100 
180 
ns 


tELwH 
tsu (CEWEH) 
Card Enable Setup Time for WE# 
100 
180 
ns 


tOVWH 
tsu (D-WEH) 
Data Setup Time for WE# 
50 
80 
ns 


tWHOX 
th (D) 
Data Hold Time 
20 
30 
ns 


tWHAX 
tree (WE) 
Write 
Recover 
Time 
20 
30 
ns 


tWHRL 
WE# High to RDY/BSY# 
140 
140 
ns 


taWL 
V pp Hold from Operation 
0 
0 
ns 
Complete 


tWHGL 
th (DE-WE) 
Output 
Enable Hold from WE# 
80 
120 
ns 


tpHwL 
Power-Down 
Recovery 
to WE# 
1 
1 
IlS 
Going Low 


NOTE: 


1. 
Read timing 
characteristics 
during 
erase and data write operations 
are the same as during 
read-only 
operations. 
Refer to 


AC Characteristics 
for read-only 
operations. 
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V1H 
DATA (D/Q)---:"':""--1-i 
V1l 


VOH 
RDY/BSY# 
(R) 


VOl 


RP# 


NOTES: 
1. 
Vcc Power-Up and Standby 
2. 
Write Data Write or Erase Setup Command 


3. 
Write Valid Address and Data (Data Write) or Erase Confirm Command 
4. 
Automated Data Write or Erase Delay 
5. 
Read Status Register Data 
6. 
Write Read Array Command 


I. 


Figure 4. AC Waveforms 
for Write Operations 
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10.3 
CE#-Controlled 
Write Operations: 
Common 
and Attribute 
Memory 


Symbol 
Parameter 
150 ns at 5V 
250 ns at 3.3V 
Unit 


JEDEC 
PCMCIA 
Min 
Max 
Mln 
Max 


tAvAV 
feW 
Write Cycle Time 
150 
250 
ns 


tELEH 
tw(WE) 
Chip Enable Pulse Width 
80 
150 
ns 


tAVEL 
tsu (A) 
Address 
Setup Time 
20 
30 
ns 


tAVEH 
tsu (A-WEH) 
Address 
Setup Time for CE# 
100 
180 
ns 


tVPEH 
tvps 
Vpp Setup to CE# GOing High 
100 
180 
ns 


tWLEH 
tsu(CE-WEH) 
Write Enable Setup Time for CE# 
100 
180 
ns 


tovEH 
tsu (D-WEH) 
Data Setup Time for CE# 
50 
60 
ns 


tEHOX 
th (D) 
Data Hold Time 
20 
30 
ns 


tEHAX 
tree (WE) 
Write Recover 
Time 
20 
30 
ns 


tEHRL 
CE# High to RDY/BSY# 
140 
140 
ns 


taVVL 
V pp Hold from Operation 
0 
0 
ns 
Complete 


tEHGL 
~ (OE-WE) 
Output 
Enable Hold from WE# 
80 
120 
ns 


tpHEL 
Power-Down 
Recovery 
to CE# 
1 
1 
~s 
Going Low 


NOTE: 


1. 
Read timing 
characteristics 
during erase and data write operations 
are the same as during 
read-only 
operations. 
Refer to 


AC Characteristics 
for read-only 
operations. 
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V1H 
WE# (W) 
V1l 
V1H 
OE# (G) 
V1l 
V1H 
CEt (E) 
V1l 


V1H 
DATA 
(D/Q)_"'::""--1-4 
V1l 


VOH 
RDY/BSY# 
(R) 


VOl 


RP# 


NOTES: 


1. 
Vcc Power-Up 
and Standby 


2. 
Write Data Write or Erase Setup Command 


3. 
Write Valid Address 
and Data (Data Write) or Erase Confirm 
Command 


4. 
Automated 
Data Write or Erase Delay 


5. 
Read Status 
Register 
Data 


6. 
Write 
Read Array Command 


049C05 


l 


Figure·S. 
Alternate 
AC Waveform 
for Write Operations 


2-125 


SERIES 
2+ FLASH 
MEMORY 
CARDS 


10.4 Power-Up/Po'wer-Down 


Symbol 
Parameter 
Notes 
Min 
Max 
Units 


PCMCIA 


Vj(CE) 
CE# Signal Level (O.OV < Vcc < 2.0V) 
1 
0 
VjMAX 
V 


CE# Signal Level (2.0V < Vcc < VIH) 
1 
Vcc - 0.1 
VjMAX 
V 


CE# Signal Leyel (VIH < Veel 
1 
V1H 
VjMAX 
V 


tsu (Vcd 
CE# Setup Time 
20 
ms 


tsu (RESET) 
CE# Setup Time 
20 
ms 


t,ee (Vcd 
CE# Recover 
Time 
1.0 
IlS 


tp, 
Vcc Rising Time 
2 
0.1 
300 
ms 


tp! 
Vcc Falling Time 
2 
3.0 
300 
ms 


tw (RESET) 
RESET Width 
10 
Ils 


th (Hi-Z Reset) 
RESET Width 
1 
ms 


ts (Hi-Z Reset) 
RESET Width 
0 
ms 


NOTES: 


1. 
ViMAXmeans Absolute 
Maximum 
Voltage 
for input in 'the period of O.OV < Vcc < 2.0V, Vi (CE#) is only O.OOV - ViMAX' 


2. 
The tp, and ~f are defined 
as "linear waveforms" 
in the period 
of 10% to 90%, or vice-versa. 
Even if the waveform 
is not a 
"linear waveform," 
its rising and. falling time must meet this specification. 
. 


./---+-- 
vcc 


~ 
~ 
-cr i. -eE2 
rr It, 
(Hi+z 
RESET) 
--l 
tw 
(RESET) 


Hi-z -----------n 
RESETJL- 


th 
(Hi-z 
RESET) --1./- 


Vcc-----. 


Vcc 
MIN 
f-- 'ree 
v 
~-----~~~IH 


-cr i. -eE2 
d I 
2V 


""'I"!",,"",,":mIl'1ft!I7 
~ 
t. {Hi+z 
RESET) 
. 
aB--------------- 
H,-z 


Figure 
6. 
Power-Up/Down 
Timing 
for Systems 
Supporting 
RESET 


049105.eps 
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Address 
Value 
Description 


06H 
22H 
150 ns 


32H 
250 ns 


14H 
32H 
250 ns 


150H 
12H 
4 MB - 150 ns 


22H 
8MB-150ns 


42H 
20 MB - 200 ns 
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11.0 CAPACITANCE 


TA= 25°C. f = 1.0 MHz 


Symbol 
Pins 
Typ 
Max 
Unit 


CIN 
Aa 
15 
30 
pF 


CIN 
Address/Control 
10 
20 
pF 


CIN 
Vee. Vpp 
2 
2 
IJF 


COUT 
Output 
10 
20 
pF 


INPUT 
><,-5 _"4_-_ -_-_-_~_~~.--- 
__ 
~~~-_-_ 
-:. 
1.5 
OUTPUT 


0.7 Vcc 


0.4 


049C07 


Figure 7. Transient Input/Output 
Reference Waveform (Vcc = 5.0V) for Standard Test Configuration 


3.0 
X 


5 
TEST>'NT' 
INPUT 
4 
OUTPUT 


0.0 


0491_08 


I 


Figure 8. Transient Input/Output 
Reference Waveform (Vcc = 3.3V) for Standard Tes! Configuration 
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12.0 ERASE AND DATA WRITE PERFORMANCE 
(1,3) 


VCC = 3.3V ± 0.3V, 
TA = O°C to +70°C 


Svm 
Parameter 
Notes 
Min 
Tvp(1) 
Max 
Units 
Test Conditions 


Page Buffer Word Write Time 
2 
2.2 
IJs 


tWHOV1 
Word/Byte 
Write Time 
2 
9IJs 
3mS 


tEHOV1 


tWHOV2 
Block Write Time 
2 
0.6 
2.1 
sec 
Byte Write Mode 


tEHOV2 


Block Erase Time 
2 
0.8 
10 
sec 


Full Chip Erase Time 
2 
51.2 
sec 


Vcc = 5.0V ± 0.5V, 
TA =·O°C to +70°C 


Sym 
Parameter 
Notes 
Min 
Typ(1) 
Max 
Units 
Test Conditions 


Page Buffer Word Write Time 
2 
_ 2.1 
IJs 


tWHOV1 
Word Byte/Write 
Time 
2,4 
6IJs 
3mS 


tEHOV1 


tWHOV2 
Block Write Time 
2 
0.4 
2.1 
. sec 
Byte Write Mode 


tEHOV2 


Block Erase Time 
2 
0.6 
10 
sec 


Full Chip Erase Time 
2 
38.4 
sec 


NOTES: 


1. 
25°C, and normal voltages. 


2. 
Excludes 
system-level 
overhead. 


3. 
These 
performance 
numbers 
are valid for all speed versions. 


4. 
To maximize 
system 
performance, 
the RDY/BSY# 
signal should 
be polled instead 
of using the maximum 
word/by1e write 
time as a delay timer. 
The maximum 
wordlbyte 
write time is the absolute 
maximum 
time it takes the write algorithm 
to complete. 
The 
overwhelming 
majority 
of the bits program 
in the typical value specified. 
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13.0 PACKAGING 
r': 


~---------- 
w ------------~ 


Surfac:. 
A 


&T 
P-.L 


2'T~r 


C WIN 
Li 
0.008 
PMIN'& 
5 WIN 
T& 
W t 0.004 
Xi 
0.002 
Y i 
0.002 


0.294 
3.370 
0.39" 
0.118 
0.065 
2.126 
0.039 
0.063 
(10.0) 
(85.60) 
(10.0) 
(3.0) 
(1.65) 
(54.0) 
(1.00) 
(1.60) 
& POLARIZATION 
KEY LENGTH. 
&. INTERCONNECT AREA TOLERANCE = iO.002 


SUBSTRATE AREA TOLERANCE = iO.004 


3 
WILUW[TERS 
ARE IN PARENTHESIS O. 
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PIN 


& 
PIN/SOCKET 
CONTACT AREA 


2. 
t.4lllIMETERS 
ARE IN PARENTHESIS 0 


SOCKET CONTACT 


04I107.epI 
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14.0 ADDITIONAL INFORMATION 


14.1 Ordering Information 


iMC020FLSP,SBXXXXX 


WHERE: 


MC 


020 


FL 


S 


P 


SBXXXXX 


=INTEL 


= MEMORY 
CARD 


= DENSITY 
IN MEGABYTES 
(004,020 
AVAILABLE) 


= FLASH TECHNOLOGY 


= BLOCKED 
ARCHITECTURE 


= PERFORMANCE 


= CUSTOMER 
IDENTIFIER 


14.2 References 


Order Number 
Document 


290434 
Series 2+ Flash Memory 
Card Datasheet 


297373 
"Series 
2+ Flash Memory 
Card User's Manual" 


290489 
"28F016SA 
16-Mbit 
(1 Mb x 16, 2 Mb.x 8 ) FlashFile™ 
Memory" 
Datasheet 


290429 
"28F08SA 
8-Mbit 
(1 Mb x 8) FlashFile™ 
Memory" 
Datasheet 


292092 
AP-357, 
"Power 
Supply 
Solutions 
for Flash Memory" 


292097 
AP-362, 
"Implementing 
Mobile PC Designs 
Using High Density 
FlashFile™ 
Components" 


292126 
AP-377, 
"The 28F016SA 
Software 
Drivers" 


292127 
AP-378, 
"Enhanced 
Features 
of the 28F016SA" 


292158 
AP-606, 
"Interchangablility 
of Series 
1, Series 
2, and Series 2+ Flash Memory 
Cards" 


294015 
ER-31 , "The 28F016SA 
FlashFileT~ 
Memory" 


294016 
ER-33, 
"ETOXTM IV Flash Memory 
Technology: 
Insight to Intel's Fourth Generation 
Process 
Innovation" 


I 
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14.3 RevIsion History 
I 
, 


Number 
Description 


001 
Original 
Version 


002 
Page Buffer Write to Flash Command 
Code Correction 
(from 08H to OCH). 


Series 2+ Tuples 
and AC Characteristics 
Tables 
Include 
Support 
for 150 ns Access. 


003 
TIL 
DC Characteristics 
Tables 
Added. 


General 
DC Characteristics 
Table Changed 
to Reflect TIL 
Levels. 


004 
AC Characteristics 
Condensed 
to Include Vpp Pump Information. 


005 
Series 2+ 8-Meg and 40-Meg 
Cards Added to Datasheet. 


Table of Contents 
Numbering 
System 
Added. 


Component 
Management 
Register 
Tables 
Reformatted. 
!, 


ICCRValues 
Increased 
for CMOS 
and TIL. 


3.3V Timings 
Updated 
to 250 ns. 


006 
Changed 
IpPSLand Ipps Max Values. 
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iMC002FLSA, iMC004FLSA, iMC010FLSA, iMC020FLSA 
Extended 
Temperature 
Specificat(ons 
Included 


•• 2, 4, 10 and 20 Megabyte Capacities 
• High-Performance 
Read Access 
• PCMCIA 2.1/JEIDA 4.1 68-Pin Standard 
- 
150 ns Maximum 


- 
Hardwired Card Information 
• High-Performance 
Random Writes 
Structure 
- 
6 ,..,sTypical Word Write 
- 
Byte- or Word-Wide Selectable 
• Erase Suspend to Read Command 
• Component 
Management Registers for 
- 
Keeps Erase as Background 
Task 
Card Status/Control 
and Flexible 
• Nonvolatility 
(Zero Retention 
Power) 
System Interface 
- 
No Batteries Required for Back-up 
• Automatic 
Erase/Write 
• ETOXTMV 0.4,..,Flash Memory 
- 
Monitored 
with Ready/Busy 
Output 
Technology 
• Card Power-Down 
Modes 
-5V 
Read, 12V Erase/Write 


- 
Deep-Sleep for Low Power 
- 
High-Volume Manufacturing 
Applications 
Experience 
• Mechanical Write Protect Switch 
• Extended Temperature 
Version 
• Solid-State 
Reliability 
- 
- 40·C to +85·C 
• Intel FlashFile™ Architecture 


Intel's Series 2 Flash Memory Card facilitates high-performance disk emulation in mobile PCs and dedicated 
equipment. Manufactured with Intel's ETOXTMIII 0.8p., FlashFile Memory devices, the Series 2 Card allows 
code and data retention while erasing and/or writing other blocks. Additionally, the Series 2 Flash Memory 
Card features low power modes, flexible system interfacing and a 150 ns read access time. When coupled with 
Intel's low-power microprocessors, these cards enable high-performance implementations of mobile comput- 
ers and systems. 


Series 2 Cards conform to the Personal Computer Memory Card International Association (PCMCIA 2.1)/Jap- 
anese Electronics Industry Development Association (JEIDA 4.1) 68-pin standard, providing electrical and 
physical compatibility. 


Data file management software, Flash Translation Layer (FTL), provides data file storage and memory man- 
agement, much like a disk operating system. Intel's Series 2 Flash Memory Cards, coupled with flash file 
management software, effectively provide a removable, all-silicon mass storage solution with higher perform- 
ance and reliability than disk-based memory architectures. 


Designing with Intel's FlashFile Architecture enables OEM system manufacturers to design and manufacture a 
new generation of mobile PCs and dedicated equipment where high performance, ruggedness, long battery 
life and lighter weight are a requirement. For large user groups in workstation environments, the Series 2 
Cards provide a means to securely store user data and backup system configuration/status information. 
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Table 1. Series 2 Flash Memory Card Plnout 


Pin 
Signal 
1/0 
Function 
Active 


1 
GND 
Ground 


2 
003 
1/0 
Data Bit3 


3 
004 
1/0 
Data Bit4 


4 
DOs 
1/0 
Data Bit5 


5 
DOe 
1/0 
Data Bit6 


6 
007 
1/0 
Data Bit7 


7 
CE1# 
I 
Card Enable 
1 
LO 


8 
A10 
I 
Address 
Bit 10 


9 
OE# 
I 
Output Enable 
LO 


10 
An 
I 
Address 
Bit 11 


11 
A9 
I 
Address 
Bit 9 


12 
A8 
I 
Address 
Bit 8 


13 
A13 
I 
Address 
Bit 13 


14 
A14 
I 
Address 
Bit 14 


15 
WE# 
I 
Write Enable 
LO 


16 
RDY/BSY# 
Ready-Busy 
HIILO 


17 
Vcc 
Supply Voltage 


18 
VPP1 
Supply Voltage 


19 
A1e 
I 
Address 
Bit 16 


20 
A15 
I 
Address 
Bit 15 


21 
A12 
I 
Address 
Bit 12 


22 
A7 
I 
Address 
Bit 7 


23 
Ae 
I 
Address 
Bit 6 


24 
A5 
I 
Address 
Bit 5 


25 
A4 
I 
Address 
Bit 4 


26 
A3 
I 
Address 
Bit 3 


27 
A2 
I 
Address 
Bit 2 


28 
A1 
I 
Address 
Bit 1 


29 
Ao 
I 
Address 
Bit 0 


30 
[)Oo 
1/0 
Data Bit 0 


31 
001 
1/0 
Data Bit 1 


32 
002 
1/0 
Data Bit2 


33 
WP 
0 
Write Protect 
HI 


34 
GND 
Ground 
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Pin 
Signal 
1/0 
Function 
Active 


35 
GND 
Ground 


36 
CD1# 
0 
Card Detect 
1 
LO 


37 
0011 
1/0 
Data Bit 11 


38 
0012 
1/0 
Data Bit 12 


39 
0013 
1/0 
Data Bit 13 


40 
0014 
1/0 
Data Bit 14 


41 
0015 
1/0 
Data Bit 15 


42 
CE2# 
I 
Card Enable 2 
LO 


43 
VS1 
0 
Voltage 
Sense 1 
N.C. 


44 
RFU 
ReservEld 


45 
RFU 
Reserved 


46 
A17 
I 
Address 
Bit 17 


47 
A18 
I 
Address 
Bit 18 


48 
A19 
I 
Address 
Bit 19 


49 
A20 
I 
Address 
Bit 20 


50 
A21 
I 
Address 
Bit 21 


51 
Vcc 
Supply Voltage 


52 
VPP2 
Supply Voltage 


53 
A22 
I 
Address 
Bit 22 


54 
A23 
I 
Address 
Bit 23 


55 
A24 
I 
Address 
Bit 24 


56 
A25 
No Connect 


57 
VS2 
0 
Voltage 
Sense 2 
N.C. 


58 
RST 
I 
Reset 
HI 


59 
WAIT# 
0 
Extend Bus Cycle 
LO 


60 
RFU 
Reserved 


61 
REG# 
I 
Register 
Select 
LO 


62 
BVD2 
0 
Batt. Volt Det 2 


63 
BVD1 
0 
Batt. Volt Det 1 


64 
008 
1/0 
Data Bit 8 


65 
009 
1/0 
Data Bit 9 


66 
0010 
1/0 
Data Bit 10 


67 
CD2# 
0 
Card Detect 2 
LO 


68 
GND 
Ground 
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Symbol 
Type 
Name and Function 


Ao-A25 
I 
ADDRESS 
INPUTS: Ao through 
A25 are address 
bus lines which enable direct 


addressing 
of 64 megabytes 
of memory 
on a card. Ao is not used in word 
access 
mode. A24 is the most significant 
address 
bit. Note: A25 is a no-connect 


but should be provided 
on host side. 


DOO-D015 
I/O 
DATA 
INPUT/OUTPUT: 
DOo through 
D015 constitute 
the bidirectional 
data 
bus. D015 is the most significant 
bit. 


CE1#,CE2# 
I 
.CARD ENABLE 
1,2: CE1 # enables 
even bytes, CE2# 
enables 
odd bytes. 


Multiplexing 
Ao, CE1 # and CE2# 
allows 8-bit hosts to access 
all data on DOo 
through 
D07. 
(See Table 3 for a more detailed 
description.) 


OE# 
I 
OUTPUT 
ENABLE: 
Active low signal gating read data from the memory card. 


WE# 
I 
WRITE 
ENABLE: 
Active low signal gating write data to the memory 
card. 


RDY/BSY# 
0 
READY/BUSY 
OUTPUT: 
Indicates 
status of internally 
timed erase or write 
activities. 
A high output indicates 
the memory 
card is ready to accept 
accesses. 
A low output indicates 
that a device(s) 
in the memory 
card is(are) 


busy with internally 
timed activities. 
See text for an alternate 
function 
(READY- 


BUSY MODE REGISTER). 


CD1# 
&CD2# 
0 
CARD 
DETECT 
1,2: These signals provide 
for correct 
card insertion 
detection. 
They are positioned 
at opposite 
ends of the card to detect 
proper alignment. 


The signals are connected 
to ground internally 
on the memory 
card and will be 
forced 
low whenever 
a card is placed in the socket. 
The host socket 
interface 
circuitry 
shall supply 1OK or larger pull-up resistors 
on these signal pins. 


WP. 
0 
WRITE 
PROTECT: 
Write Protect 
reflects 
the status of the Write-Protect 
switch 
on the memory card. WP set high = write protected, 
providing 
internal 
hardware 
write lockout 
to the flash array. 


VpP1, VPP2. 
WRITE/ERASE 
POWER SUPPLY: 
(12V nominal) 
for erasing 
memory array 
blocks 
or writing data in the array. They must be 12V to perform 
an erase/write 
operation. 


Vcc 
CARD 
POWER SUPPLY 
(5V nominal) for all internal 
circuitry. 


GND 
I 
GROUND 
for all internal 
circuitry. 


REG# 
I 
REGISTER 
SELECT 
provides 
access to Series 2 Flash Memory 
Card registers 
and Card Information 
Structure 
in the Attribute 
Memory 
Plane. 


RST 
I 
RESET from system, 
active high. Places card in Power-On 
Default State. 
RESET pulse width must be 2 200 ns. 


WAIT# 
0 
WAIT 
(Extend 
Bus Cycle) 
is used by Intel's I/O cards and is driven high. 


BVD1, BVD2 
0 
BATTERY 
VOLTAGE 
DETECT: 
Upon completion 
of the power on reset cycle, 


these signals are driven high to maintain 
SRAM-card 
compatibility. 


RFU 
, 
RESERVED 
FOR FUTURE 
USE 


NC 
NO INTERNAL 
CONNECTION. 
Pin may be driven or left floating. 


VS1, VS2 
VOLTAGE 
SENSE: Notifies the host Socket 
of the card's vcc requirements. 


VS1 and VS2 are both open, indicating 
a 5V vcc card. 


Table 
2. Series 
2 Flash 
Memory 
Card 
Pin Descriptions 
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00<15:0> 
00<15:S> 


WE_ 
DQ<7:0> 


DE- 
WE- 
RDY!BSY" 


RST 
DE" 
. 
, 


A<25:0> 
RY!BY"< 
19:0> 


CARD 
RP"<9:0> 
i 
CONTROL 


REG- 
LOGIC 


CE,- 


CE2- 


WAIT 


BVI1 
i 
:::sI- 


A<19:0> 


WP 
CE-< 19:0> 


WP 
J 


.. 


2SFOOSSA 
28F008SA 
VCC 
A'9 -Aa 
I- 
A19 -Aa 
-u 
•... - 
CE- 
~-D~ 
- 
~-~ 
~~ 
~ I-- 
CE- 
RY!BY" 
'- 
RY!BY" 
I-- 
- 
WRITE-PROTECT 
WE" 
DEVICE 0 
WE" 
DEVICE 1 
- 
SWITCH 
DE" 
DE" 


CO,- 
RP- 
RP" 
1 


GND 
Vcc 
VPP, 
GND 
Vcc 
VpP2 
CARD 
DETECT 


H.' 


, 


AU -Aa 
I- 
A19 -Aa 
I 


CE" 
D~-DQO 
D~-DQO ~~ 
~ I-- 
CE" 
RY!BY" 
I-- 


RY!BY" 
i-' 
WE" 
DEVICE 2 
WE" 
DEVICE 3 


DE" 
DE" 


RP" 
RP" 
GND 
VCC 
VpP1 
GND 
VCC 
VpP2 


I I I 
I I I 
· 
. 
· 
. 
. 
· 
. 
l 
I I~~~J I 
I 
I~~~-U 
A19 -Aa 
A19 -Aa 
- 
CE" 
CE" 
RY!BY" - 
RY!BY- - 
- 
WE" DEVICE' 
8 
WE." DEVICE 19 
- 
DE" 
- 
DE" 


RP- 
RP" 
GND 
VCC 
VpP1 
GND 
VCC 
VpP2 


GND 
I 


VCC 
- 


Vpp, 


VpP2 
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Figure 1. Detailed 
Block Diagram. 
The Card Control 
Logic Provides 
Decoding 
Buffering 
and Control 
Signals. 
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APPLICATIONS 


Intel's second generation Series 2 Flash Memory 
Cards facilitate high performance disk emulation for 
the storage of data files and application programs on 
a purely solid-state removable medium. File man- 
agement software, Flash Translation Layer (FTL), in 
conjunction with the Series 2 Flash Memory Cards, 
enable the design of high-performance light-weight 
notebook, palmtop, and pen-based PCs that have 
the processing power of today's desktop computers. 


Application software stored on the flash memory 
card substantially reduces the slow disk-to-DRAM 
download process. Replacing the mechanical disk 
results in a dramatic enhancement of read perform- 
ance and substantial reduction of power consump- 
tion, size and weight-considerations 
particularly 
important in portable PCs and equipment. The Se- 
ries 2 Card's high performance read access time al- 
lows the use of Series 2 Cards in an "execute-in- 
place" (XIP) architecture. XIP eliminates redundancy 
associated with DRAM/Disk memory system archi- 
tectures. Operating systems stored in Flash Memory 
decreases system boot or program load times, en- 
abling the design of PCs that boot, operate, store 
data files and execute application programs from/to 
nonvolatile memory without losing the ability to per- 
form an update. 


File management systems modify and store data 
files by allocating flash memory space intelligently. 
Wear leveling algorithms, employed to equally dis- 
tribute the number of rewrite cycles, ensure that no 
particular block is cycled excessively relative to oth- 
er blocks. This provides hundreds of thousands of 
hours of power on usage. 


This file management software enables the user to 
interact with the flash memory card in precisely the 
same way as a magnetic disk. 


Series 2 Flash Memory Cards provide durable non- 
volatile memory storage for mobile PCs on the road, 
facilitating simple transfer back into the desktop en- 
vironment. 


SERIES 2 FLASH MEMORY 
CARDS 


For systems currently using a static RAM/battery 
configuration for data acquisition, the Series 2 Flash 
Memory Card's nonvolatility eliminates the need for 
battery backup. The concern for battery failure no 
longer exists, an important consideration for porta- 
ble computers and medical instruments, both requir- . 
ing continuous operation. Series 2 Cards consume 
no power when the system is off, and only 60 p.A in 
Deep-Sleep mode (2 Megabyte card). Furthermore, 
Flash Memory Cards offer a considerable cost and 
density advantage over memory cards based on 
static RAM with battery backup. 


Besides disk emulation, the Series 2 Card's electri- 
cal block-erasure, data writability, and inherent non- 
volatility fit well with data accumulation and record- 
ing needs. Electrical block-erasure provides design 
flexibility to selectively rewrite blocks of data, while 
saving other blocks for infrequently updated param- 
eters and lookup tables. For example, networks and 
systems that utilize large banks of battery-backed 
DRAM to store configuration and status benefit from 
the Series 2 Flash Card's nonvolatllity and reliability. 


SERIES 
2 ARCHITECTURE 
OVERVIEW 


, The Series 2 Flash Memory Card contains a 2 to 20 


Megabyte Flash Memory array consisting of 2 to 20 
28F008SA 
FlashFile 
Memory 
devices. 
Each 


28F008SA contains sixteen individually-erasable, 64 
Kbyt~ blocks; therefore, the Flash Memory Card 
contains from 32 to 320 device blocks. It also con- 
tains two Card Control Logic devices that manage 
the external interface, address decoding, and com- 
ponent management logic. (Refer to Figure 1 for a 
block diagram.) 


To support PCMCIA-compatible word-wide access, 
devices are paired so that each accessible memory 
block is 64 KWords (see Figure 2). Card logic allows 
the system to write or read one word at a time, or 
one byte at a time by referenCing the high or low 
byte. Erasure can be performed on the entire block 
pair (high and low device blocks simultaneously), or 
on the high or low byte portion separately. 


Also in accordance with PCMCIA speclflcations this 
product supports byte-wide operation, in which the 
flash array is divided into 128K x 8 bit device blocks. 
In this configuration, odd bytes are multiplexed onto 
the low byte data bus. 
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SERIES 
2 CARD 
015 
08 
07 


x 8 mode 
Even 
Byte 
PCIICIA 
INTERFACE 
L 
L.-~_-r-- 
r 


High 
Byte 
Low 
Byte 
x 16 mode 


CARD 
CONTROL 
LOGIC 
t 
t 
t 


DEVICE 
PAIR 
9 


DEVICE 
PAIR 
0 


,,,,,,,,,,, 


r---------- • 
•••• 
". 
Odd Byte 
• 
,,'" 
.--------;:11' 
," 
... ,"" 


,," 
-,'- 
.. 
.. 


L 


:::Even-Device 
Block: 
~ 
x 8 mode 


:::::::::::::::=:::=:::=:=:::::::=::::;:;::::::: 


Figure 2. Memory 
Architecture. 
Each Device 
Pair Consists 
of Sixteen 
64 KWord 
Blocks. 


Series 2 Flash Memory Cards offer additional fea- 
Write/erase automation simplifies the system soft- 
tures over the Bulk Erase Flash Card product family 
ware interface to the card. A two-step command se- 


(refer 
to 
iMC001FLKA, 
iMC002FLKA 
and 
quence initiates write or erase operations and pro- 


iMC004FLKA data sheets). Some of the more nota- 
vides additional data security. Internal device circuits 
ble enhancements include: high density capability, 
automatically execute the algorithms and timings 
erase blocking, 
internal 
write/erase 
automation, 
necessary for data-write or block-erase operations, 
erase suspension to read, Component Management 
including verifications for long-term data integrity. 
Registers that provide software control of device- 
While performing either data-write or block-erase, 


level functions and a deep-sleep mode. 
the memory card interface reflects this by bringing 
its RDY/BSY# 
(Ready/Busy) pin low. This output 
goes high when the operation completes. This fea- 
ture reduces CPU overhead and allows software 
polling or hardware interrupt mechanisms. Writing 
memory data is achieved in single byte or word in- 
crements, typically in 6 /-Ls. 


Erase blocking facilitates solid-state storage applica- 
tions by allowing selective memory reclamation. Mul- 
tiple 64 Kbyte blocks may be simultaneously erased 
within the memory card as long as not more than 
one block per device is erasing. This shortens the 
total time required for erasure, but requires addition- 
al supply current. A block typically requires 1.6 sec- 
onds to erase. Each memory block can be erased 
and completely written 100,000 times. 


Erase suspend allows the system to temporarily in- 
terrupt a block erase operation. This mode permits 
reads from alternate device blocks while that same 
device contains an erasing block. Upon completion 
of the read operation, erasure of the suspended 
block must be resumed. 


2-138 


:::::;:::::::::::::::;::::=:=;:::;:;:;:;:::::::::;::;:::: 


:::::::::::::::::;:::::~:~:~:~:::~::::::::::::::::.:.: 
..... 


BLOCK PAIR 
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Read access time is 150 ns or less over the entire 
operating temperature range. 


The Reset-PowerDown mode reduces power con- 
sumption to less than 60 /-LA to help extend battery 
life of portable host systems. Activated through soft- 
ware control, this mode optionally affects the entire 
flash array (Global Reset-PowerDown Register) or 
specific device pairs (Sleep Control Register). 


PCMCIA/JEIDA 
INTERFACE 


The Series 2 Flash Memory Card interface supports 
the PCMCIA 2.1 and JEIDA 4.1 68-pin card format 
(see Tables 1 and 2). Detailed specifications are de- 
scribed in the PC Card Standard, Release 2.1, July, 
1993, published by PCMCIA.The Series 2 Card con- 
forms to the requirements of both Release 1 and 
Release 2 of the PC Card Standard. 


Series 2 Card pin definitions are equivalent to the 
Bulk-Erase Flash Card except that certain No Con- 
nects are now used. A22 through A24' RST (Reset), 
and RDY/BSY # 
(Ready/Busy) 
have pin assign- 
ments as set by the PCMCIA standard. 


NOTE· The READY/BUSY signal is abbreviated as 
RDY/BSY# 
by 
PCMCIA 
(card 
level) 
and 
as 
RY/BY# 
by JEDEC (component level). 


The outer shell of the Series 2 card meets all 
PCMCIAlJEIDA Type 1 mechanical specifications. 
See Figure 19 for mechanical dimensions. 


WRITE 
PROTECT 
SWITCH 


A mechanical write protect 
switch provides the 
card's memory array with internal write lockout. The 
Write-Protect (WP) output pin reflects the status of 
this mechanical switch. It outputs a high signal (VOH) 
when writes are disabled. This switch does not lock 
out writes to the Component Management Regis- 
ters. 
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BATTERY 
VOLTAGE 
DETECT 


PCMCIA requires two signals, BVDl and BVD2, be 
supplied at the interface to reflect card battery con- 
dition. Flash Memory Cards do not require batteries. 
When the power on reset cycle is complete, BVDl 
and BVD2 are driven high to maintain compatibility. 


CARD DETECT 


Two signals, COl # and C02 #, allow the host to de- 
termine proper socket seating. They reside at oppo- 
site ends of the connector and are tied to ground 
within the memory card. 


DESIGN 
CONSIDERATIONS 


The Series 2 Card consists of two separate memory 
planes: the Common Memory Plane (or Main Memo- 
ry) and the Attribute Memory Plane. The Common 
Memory Plane resides in the banks of device pairs 
and represents the user-alterable memory space. 


The Component Management Registers (CMR) and 
the hardwired Card Information Structure (CIS) re- 
side in the Attribute Memory Plane within the Card 
Control Logic, as shown in Figure 3. The Card Con- 
trol Logic interfaces the PCMCIA connector and the 
internal flash memory array and performs address 
decoding and data control. 


ATTRIBUTE MEMORY PLANE 


NOT USED 


(OOO4200H) 


COMPONENT MANAGEMENT 


REGISTERS 


(OOO4000H) 


NOT USED 


(OOOOOD8H) 


HARDWIRED PCMCIA CIS 


(OOOOOOOH) 


Attribute 
Memory Plane 
accessible with 
REG (pin 61) = VIL 


,,,,,,,,,,,, 


COMPONENT MANAGEMENT REGISTERS 


CISADDRESS 
FUNCTION 


4142H 
- 41 FEH 
RESERVED 


4140H 
READY-BUSY 
MODE (INTEL) 


4136H 
- 413EH 
RESERVED 


4130H 
- 4134H 
READY-BUSY 
STATUS 
(INTEL) 


4126H 
- 412EH 
RESfRVED 


4120H 
- 4124H 
READY-BUSY 
MASK 
(INTEL) 


4 1 1CH - 4 11 EH 
RESERVED 


4118H 
- 411 AH 
SLEEP CONTROL (INTEL) 


4106H-4116H 
RESERVED 


4104H 
WRITE PROTECTION (INTEL) 


4102H 
RESERVED 


4100H 
CARD STATUS 
(INTEL) 


4004H 
- 40FEH 
RESERVED 


4002H 
GLOBAL 
RESET-PWRDWN 
(PCMCIA) 


4000H 
SOFT RESET (PCMCIA) 
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INTEL 
= Pertormance 
Enhancement Register 
PCMCIA 
= Defined in PCMCIA Release 2.0 


Figure 3. Component Management Registers Allow S/W Control of Components 
within Card 
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ADDRESS 
DECODE 


Address decoding provides the decoding logic for 
the 2 to 20 Device Chip Enables and the elements of 
the Attribute Memory Plane. REG# selects between 
the Common Memory Plane (REG# = VIH) and the 
Attribute Memory Plane (REG# = Vld. 


NOTE: 
Tile Series 2 Card has active address inputs Ao to 
A24 implying that reading and writing to addresses 
beyond 32 Megabytes causes wraparound. Further- 
more, reads to illegal addresses (for example, be- 
tween 20 and 32 Meg on a 20 Megabyte card) re- 
turns Default data (OOFFHor FFFFH).· 


The 2BFOOBSAdevices, storing data, applications or 
firmware, form the Common Memory Plane ac- 
cessed individually or as device pairs. Memory is lin- 
early mapped in the Common Memory Plane. Three 
memory access modes are available 'when access- 
ing the Common Memory Plane: Byte-Wide, Word 
Wide, and Odd-Byte modes. 


Additional decoding selects the hardwired PCMCIA 
CIS 
and 
Component 
Management 
Registers 
mapped in the Attribute Memory Plane beginning at 
address OOOOOOH. 
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The 512 memory-mapped even-byte CMRs are lin- 
early mapped beginning at address 4000H in the At- 
tribute Memory Plane. 


DATA CONTROL 


Data Control Logic selects the path and direction for 
accessing the Common or Attribute Memory Plane. 
It controls any of the PCMCIA-defined Word-Wide, 
Byte-Wide or Odd-Byte modes for either reads or 
writes to these areas. As shown in Table 3, input 
pins which determine these selections are REG#, 
Aa through A24' WE#, 
OE#, 
CE1#, and CE2#' 
PCMCIA specifications allow only even-byte access 
to the Attribute Memory Plane. 


In Byte-Wide mode, bytes contiguous in software ac- 
tually alternate between two device blocks of a de- 
vice pair. Therefore, erasure of one device block 
erases every other contiguous byte. In accordance 
with the PCMCIAstandard for memory configuration, 
the Series 2 Card does not support confining contig- 
uous bytes within one flash device when in by-B 
mode. 
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Table 
3. Data Access 
Mode Truth 
Table 


Function 
Mode 
REG# 
CE#2 
CE#l 
Ao OE# 
WE# 
VPP2 
VPP1 
015-08 
07-00 


COMMON 
MEMORY 
PLANE 


STANDBy(l) 
X 
H 
H 
X 
X 
X 
VPPl(2) 
VPPl(2) 
HIGH·Z 
HIGH-Z 


BYTE READ 
H 
H 
L 
L 
L 
H 
VPPl(2) 
VPPL(2) 
HIGH-Z 
EVEN-BYTE 


H 
H 
L 
H 
L 
H 
VPPl(2) 
VPPL(2) 
HIGH-Z 
ODD-BYTE 


WORD 
READ 
H 
L 
L 
X 
L 
H 
VPPL(2) VPPL(2) 
ODD-BYTE 
EVEN-BYTE 


ODD-BYTE 
READ 
H 
L 
H 
X 
L 
H 
VPPL(2) VPPL(2) 
ODD-BYTE 
HIGH-Z 


BYTE WRITE 
H 
H 
L 
L 
H 
L 
VPPH 
VPPH 
X 
EVEN-BYTE 


H 
H 
L 
H 
H 
L 
VPPH 
VPPH 
X 
ODD-BYTE 


WORD WRITE 
H 
L 
L 
X 
H 
L 
VPPH 
VPPH 
ODD-BYTE 
EVEN-BYTE 


ODD-BYTE 
WRITE 
H 
L 
H 
X 
H 
L 
VPPH 
VPPL(2) 
ODD-BYTE 
X 


ATTRIBUTE 
MEMORY 
PLANE 


BYTE READ 
L 
H 
L 
L 
L 
H 
X(2) 
X(2) 
HIGH-Z 
EVE~-BYTE 


L 
H 
L 
H 
L 
H 
X(2) 
X(2) 
HIGH-Z 
INVALID 


WORD READ 
L 
L 
L 
X 
L 
H 
X(2) 
X(2) 
INVALID 
EVEN-BYTE 
DATA(3) 


ODD-BYTE 
READ 
L 
L 
H 
X 
L 
H 
X(2) 
X(2) 
INVALID 
HIGH-Z 
DATA(3) 


BYTE WRITE 
L 
H 
L 
L 
H 
L 
X(2) 
X(2) 
X 
EVEN-BYTE 


L 
H 
L 
H 
H 
L 
X(2) 
X(2) 
X 
INVALID 
OPERATION(3) 


WORD WRITE 
L 
L 
L 
X 
H 
L 
X(2) 
X(2) 
INVALID 
EVEN-BYTE 
OPERATION(3) 


ODD-BYTE 
WRITE 
L 
L 
H 
X 
H 
L 
X(2) 
X(2) . 
INVALID 
X 
OPERATION(3) 


NOTES: 
1. Standby 
mode 
is valid in Common 
Memory 
or Attribute 
Memory 
access. 


2. To meet the low power 
specifications" 
Vpp = VPPL; however 
VPPH presents 
no reliability 
problems. 


3. Odd-Byte 
data are not valid during 
access 
to the Attribute 
Memory 
Plane. 


4. H = VIH, l = VIL, X = Don't 
Care. 
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PRINCIPLES 
OF OPERATION 


Intel's Series 2 Flash Memory Card provides electri- 
cally-alterable, non-volatile, random-access storage. 
lndivtdual. 
28F008SA devices utilize a Command 
User Interface 
(CUI) and Write 
State 
Machine 
(WSM) to simplify block-erasure and data write oper- 
ations. 


COMMON 
MEMORY 
ARRAY 


Figure 4 shows the Common Memory Plane's orga- 
nization. The first block pair (64 KWords) of Com- 
mon Memory, referred to as the Common Memory 
Card Information Structure Block, optionally extends 
the hardwired CIS in the Attribute Memory Plane for 
additional card information. This may be written dur- 
ing initial card formatting for OEM customization. 
Since this CIS Block Is part of Common Memory, its 
data can be altered. Write access to the Common 
Memory CIS Block is controlled by the Write Protect 
Control Register which may be activated by system 
software after 
power-up. Additionally, the entire 
Common Memory plane (minus the Common Memo- 
ry CIS Block) may be software write protected. Note 
that the Common Memory CIS Block is not part of 
the Attribute Memory Plane. Do not assert REG 11 to 
access the Common Memory CIS Block. 


13FFFFFH 
Device Pair 9 
1200000H 


1000000H 
Device Pair8 


OEOOOOOH 
Device Pair7 


OCOOOOOH 
Device Pair6 


OAOOOOOH 
Device Pair5 


0800000H 
Device Pair4 


0600000H 
Device Pair3 


0400000H 
Device Pair2 


0200000H 
Device Pair 1 


0020000H 
Device Pair0 


OOOOOOOH 
liOPti~ai 
CIS1fl;·. 
ih 


Figure 4. Common Memory Plane. Use 
the Optional Common Memory Plane 
CIS for Custom Card Format Information. 
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HARDWIRED 
CIS 


The card's structure description resides in the even- 
byte locations starting at OOOOHand going to the 
CIS ending tupre (FNULL) within the Attribute'Memo- 
ry Plane. Data included in the hardwired CIS con- 
sists of tuples. Tuples are a variable-length list of 
data blocks describing details such as manufactur- 
er's name, the size of each memory device and the 
number of flash devices within the card. 


COMPONENT 
MANAGEMENT 
REGISTERS 
(CMRs) 


The CMRs in the Attribute Memory Plane provide 
special, software-controlled functionality. Card Con- 
trol Logic includes circuitry to access the CMRs. 
REG (PCMCIA, pin 61) selects the Attribute Memory 
Plane (and therefore the CMRs) when equal to VIL. 


CMRs are classified into two categories: those de- 
fined by PCMCIA R2.1 and those included by Intel 
(referred to as Performance Enhancement Regis- 
ters) to enhance the interface between the host sys- 
tem and the card's flash memory array. CMRs (See 
Figure 3) provide seven control functions-Ready- 
Busy Interrupt Mode,_Device Ready-Busy Status, 
Device Ready-Busy Mask, Reset-PowerDown Con- 
trol, 
Software-controlled 
Write 
Protection, 
Card 
Status and Soft Reset. 
. 


SOFT RESET 
REGISTER 
(PCMCIA) 
(CONFIGURATION OPTION) 


The SOFT RESET REGISTER (Attribute Memory 
Plane Address 4000H, Figure 5) is defined in the 
PCMCIA Release 2.0 specification as the Configura- 
tion Option Register. 


Bit 7 is the soft reset bit (SRESET). Writing a 1 to 
this bit initiates card reset to the power-on default 
state (see Side Bar page 11). This bit must be 
cleared to use the CMRs or to access the devices. 


SRESET implements in software what the reset pin 
implements in hardware. On power-up, the card au- 


-tomatically assumes default conditions. Similar to 
the reset pin (pin 58), this bit clears at the end of a 
power-on reset cycle or a system reset cycle. 


Bits 0 through 6 are not used by this memory card, 
but power up as zeroes for PCMCIA compatibility. 
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SOFT RESET REGISTER 


(CONFIGURATION OPTION REGISTER) 


(Read/Write Register) 


ADDRESS 
BIT7 
BIT6 I 
BITS I 
BIT 4 I 
ffiT4 
I 
BIT 2 I 
BIT1 I 
BITO 


4000H 
SRESET 
PCMCIA CONRGURATlON INDEX 
RESETS TO ZERO ON POWER UP 


1 = RESET, CLEAR TO ACCESS CARD 


Figure 5. SOFT RESET REGISTER (PCMCIA). Sets the Memory Card in the Power-On Default State. 


• All Devices Powered Up In Standby Mode 
• Common Memory Available For Writes 
• All Device Ready/Busy Outputs Unmasked 
• PCMCIA Ready/Busy Mode Enabled 
• Ready/Busy Output Goes To Ready 


Global 
PowerDown 
Register 
(PCMCIA) 
(Configuration and Status) 


The Global Reset·PowerDown Register (Attribute 
Memory Plane Address 4002H, Figure 6) is referred 
to as the Configuration and Status Register in the 
PCMCIA Release 2.0 specification. 


Bit 2 (RP) controls global card power-down. Writing 
a 1 to this bit places each device within the card into 
"Deep-Sleep" mode. Devices 
in Deep·Sleep 
are not 


accessible. 
Recovery from 
power-down requires 


500 ns for reads and 1 fJosfor writes. 


The RP bit defaults to 0 on card power-up or reset. 
Setting or clearing this bit has no affect on the bit 
settings of the Sleep Control Register. 


The remaining Global Reset·PwrDwn Register bits 
are defined for Intel's family of I/O cards and are 
driven low for compatibility. 


GLOBAL 
RESET-POWER-DOWN 
REGISTER 


(CONFIGURATION AND STATUS REGISTER) 


(Read/Write Register) 


1 ~ POWER DOWN 


ADDRESS 
BIT7 
I 
BIT6 
I 
BITS 
I 
BIT4 
I . BIT3 
BIT2 
BIT 1 
I 
BITO 


4002H 
ZEROES 
RP 
ZEROES 


Figure 6. GLOBAL RESET-PWRDWN REGISTER (PCMCIA). The RP 
Bit Enables Reset PowerDown of All Flash Memory Devices. 
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CARD 
STATUS 
REGISTER 


(Read 
Only Register) 


ADDRESS 
BIT7 
BITS 
BITS 
BIT4 
BIT3 
BIT2 
BITl 
BITO 


4100H 
ADM 
ADS 
SRESET 
CMWP 
RP 
CISWP 
WP 
RDY/BSY# 


Figure 
7. CARD STATUS 
REGISTER 
(Intel) 
Provides 
a Quick 
Review 
of the Card's 
Status 


CARD 
STATUS 
REGISTER 
(INTEL) 


The 
Read·Only, 
CARD 
STATUS 
REGISTER 
(Attrl- 
bute 
Memory 
Plane 
Address 
4100H, 
Figure 
7) re- 


turns generalized 
status of the Series 2 Card and its 
CMRs. 


Bit 0 (RDY/BSY#) 
reflects 
the card's 
RDY/BSY# 
(Ready-Busy) 
output. Software 
polling of this bit pro- 
vides 
data-write 
or block-erase 
operation 
status. 
A 
zero indicates 
a' busy device(s) 
in the card. 


Bit 1 (WP) reports 
the 
position 
of the 
card's 
Write 
Protection 
switch with 1 indicating 
write protected. 
It 
reports 
the status of the WP pin. 


Bit 2 (CISWP) 
reflects 
whether 
the Common 
Memo- 
ry CIS is write protected 
using the WRITE PROTECT 
REGISTER, 
with 1 indicating 
write protected. 


Bit 3 (RP) reports 
whether 
the entire 
flash 
memory 
array 
is 
in 
"Deep-Sleep" 
(Reset-PwrDwn) 
mode, 


with 
1 indicating 
"Deep-Sleep". 
This bit re11ects the 
RP bit of the GLOBAL 
RESET-POWER 
DOWN REG- 


ISTER. 
Powering 
down a/l device 
pairs 
Individually 
(using the Sleep Control 
Register), 
also sets this bit. 


Bit 4 (CMWP) reports whether 
the Common 
Memory 
Plane (minus Common 
Memory 
CIS) is write protect- 
ed via the WRITE 
PROTECT 
REGISTER 
with 1 indi- 


cating write protected. 


Bit 5 (SRESEn 
reflects the SRESET 
bit of the SOFT 


RESET 
REGISTER. 
It reports that the card is in Soft 


2-144 


Reset with 1 indicating 
reset. When 
this bit is zero, 


the 
flash 
memory 
array 
and 
CMRs 
may 
be 
ac- 


cessed, 
otherwise 
clear 
it via the SRESET 
REGIS- 


TER. 


Bit 6 (ADS, 
ANY 
DEVICE 
SLEEP) 
is the 
"ORed" 


value of the SLEEP 
CONTROL 
REGISTER. 
Power- 


ing down any device 
pair sets this bit. 


Bit 7 (ADM, ANY DEVICE 
MASKED) 
is the "ORed" 


value 
of 
the 
READY IBUSY 
MASK 
REGISTER. 


Masking 
any device 
sets this bit. 


WRITE 
PROTECTION 
REGISTER 
(INTEL) 


The 
WRITE 
PROTECTION 
REGISTER 
(Attribute 
Memory 
Plane 
Address 
4104H, 
Figure 
8) selects 
whether 
the optional 
Common 
Memory 
CIS and the 
remaining 
Common 
Memory 
blocks 
are write 
pro- 


tected 
(see Figure 4). 


Enable 
Common 
Memory 
CIS 
write 
protection 
by 


writing 
a 1 to the CISWP 
Bit (bit 0). 


Enable 
write 
protection 
of the 
remaining 
Common 


Memory 
blocks 
by writing 
a 1 to the CMWP 
Bit (bit 


1). 


in the. power-on 
default 
state, 
both 
bits are 0, and 
therefore 
not write protected. 


Reserved 
bits 
(2-7) 
have 
undefined 
values 
and 
should 
be written 
as zeroes 
for future 
compatibility. 
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WRITE 
PROTECTION 
REGISTER 


(Read/Write 
Register) 


ADDRESS 
BIT7 
I 
BIT6 
I 
BITS 
I 
BIT4 
I 
BIT3 
I 
'BIT 2 
BITl 
BITO 


4104H 
RESERVED FOR FUTURE use 
CMWP 
CISWP 


Figure 
8. WRITE 
PROTECTION 
REGISTER 
(Intel) 
Eliminates 
Accidental 
Data Corruption 


1 = WRITE PROTECT 


SLEEP 
CONTROL 
REGISTER 
(INTEL) 


Unlike the GLOBAL 
RESET-POWER 
DOWN 
REGIS- 
TER, 
which 
simultaneously 
resets 
and 
places 
all 
flash 
memory 
devices 
into a Deep-Sleep 
mode, the 
SLEEP 
CONTROL 
REGISTER 
(Attribute 
Memory 
Plane Address 
4118H-411 
AH, Figure 
9) allows 
se- 
lective power-down 
control 
of individual 
device pairs. 


Writing a 1 to a specific 
bit of the SLEEP CONTROL 
REGISTER 
places 
the 
corresponding 
device 
pair 


into the "Deep-Sleep" 
mode. Devices in Deep-Sleep 
are 
not 
accessible. 
On 
cards 
with 
fewer 
than 
20 Megabytes 
(10 device 
pairs), writing 
a one to an 
absent 
device 
pair has no affect 
and reads back as 
zero. 


This 
register 
contains 
all zeroes 
(Le., not in Deep- 
Sleep 
mode) 
when 
the 
card 
powers 
up or after 
a 
hard or soft 
reset. 
Furthermore, 
the Global 
Reset- 
PowerDown 
Register 
has no affect 
on the contents 
of this 
register. 
Therefore, 
any 
bit settings 
of the 


'Sleep 
Control 
Register 
will remain 
unchanged 
after 


returning 
from a global 
reset and power 
down 
(writ- 


ing a zero to the RP bit of the Global 
Reset-Power- 


Down Register). 


READY-BUSY 
STATUS 
REGISTER 
(INTEL) 


The 
bits 
in the 
Read-only, 
READY-BUSY 
Status 


Register 
(Attribute 
Memory 
Plane 
Address 
4130H- 


4134H, 
Figure 
10) reflect 
the 
status 
(READY = 1, 


BUSY = 0) of each device's 
RY /BY # output. 
A busy 


condition 
indicates 
that 
a device 
is currently 
pro- 


cessing 
a data-write 
or block-erase 
operation. 


These 
bits 
are 
logically 
"AND-ed" 
to 
form 
the 


Ready/Busy 
output 
(RDY/BSY#, 
pin 
16) 
of 
the 


PCMCIA 
interface. 
On 
memory 
cards 
with 
fewer 


than 
20 
devices, 
unused 
Device 
RY/BY# 
Status 


Register 
bits appear 
as ready. 


SLEEP 
CONTROL 
REGISTER 


. (Read/Write 
Register) 


ADDRESS 
BIT7 
I 
BIT6 
I 
BITS 
I 
BIT4 
I 
BIT3 
I 
BIT2 
BITl 
BITO 


411AH 
RESERVED 
DEVICES 
DEVICES 


" 
18/19 
16/17 


4118H 
DEVICES I DEVICES I DEVICES I DEVICES I DEVICES I DEVICES 
DEVICES 
DEVICES 
14/1S 
12/13 
10/11 
8/9 
6/7 
4/S 
2/3 
0/1 


1 = SELECTED 
DEVICE 
PAIR IN POWER-DOWN 
MODE AND RESET 


Figure 
9. SLEEP CONTROL 
REGISTER 
(Intel) 
Allows 
Specific 
Devices 
to be Reset 
and Put into 
Power-Down 
Mode 
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READY-BUSY 
STATUS 
REGISTER 


(Read/Write Register) 


ADDRESS 
BIT7 
BIT6 
BIT5 
BIT4 
BIT3 
BIT2 
BITl 
BITO 


DEVICE 
DEVICE 
DEVICE 
DEVICE 
4134H 
RESERVED 
19 
18 
17 
16 


DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
4132H 
15 
14 
13 
12 
11 
10 
9 
8 


DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
4130H 
7 
6 
5 
4 
3 
2 
1 
0 


1 = DEVICE READY, 0 = DEVICE BUSY 


Figure 10. READY·BUSY STATUS REGISTER (Intel) Provides 
Operation Status of All Flash Memory Devices 


READY-BUSY 
MASK 
REGISTER 
(INTEL) 


In an unmasked condition (MASK REGISTER bits = 
0), any device RY/BY # output going low pulls the 
card's RDY/BSY# 
output to VIL (BUSY). In this 
case, all devices must be READY to allow the card's 
RDY/BSY # output to be ready (VIH).Thisis referred 
to as the PCMCIA READY·BUSY MODE. An alter- 
nate type of READY-BUSY function is described in 
the next section, READY-BUSY MODE REGISTER. 


The bits of the Read/Write READY-BUSY MASK 
REGISTER 
(Attribute 
Memory 
Plane 
Address 


.4120H-4124H, 
Figure 11) mask out the correspond- 


ing "AND-ed" 
READY-BUSY STATUS REGISTER 
bits from the PCMCIA data bus (RDY/BSY #, pin 16) 
and the CARD STATUS REGISTER RDY/BSY# 
Bit 
(bit 0). 


READY-BUSY 
MASK 


(Read/Write Register) 
• 


ADDRESS 
BIT7 
BIT6 
BIT5 
BIT4 
BIT3 
BIT2 
BITl 
BITO 


4124H 
RESERVED 
DEVICE 
DEVICE 
DEVICE 
DEVICE 


19 
18 
17 
16 


DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
4122H 
15 
14 
13 
12 
11 
10 
9 
8 


DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
DEVICE 
4120H 
7 
6 
5 
4 
3 
2 
1 
0 


1 = MASK ENABLED 


Figure 11. READY·BUSY MASK REGISTER (Intel) Essential for Write Optimization 


• 
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If the READY-BUSY MASK REGISTER bits are set 
to ones (masked condition), the RDY/BSY # output 
and the CARD STATUS REGISTER RDY/BSY# 
bit 
wili reflect a READY condition regardless of the 
state of the corresponding devices. The READY- 
BUSY 
MASK 
REGISTER 
does 
not 
affect 
the 
READY-BUSY STATUS REGISTER allowing soft- 
ware polling to determine operation status. 


Unmasked is the default condition for the bits in this 
register. On memory cards with fewer than 20 devic- 
es, unused device mask bits appear as masked. 


READY-BUSY 
MODE 
REGISTER 
(lNTEL) 


The 
READY-BUSY MODE REGISTER (Attribute 
Memory Plane Address 4140H, Figure 12) provides 
the selection of two types of system interfacing tor 
the 
busy-to-ready 
transition 
of 
the 
card's 
RDY/BSY # pin: 
1. The standard PCMCIA READY-BUSY MODE, in 
which the card's RDY/BSY # signal generates a 
low-to-high transition (from busy to ready) only 
after a/l 
busy devices 
(not including masked 
devices) have completed their data-write or block- 
erase operations. This may result in a long inter- 
rupt latency. 
. 


2. A High-Performance mode that generates a low- 
to-high (from busy-to-ready) transition after each 
device becomes ready. This provides the host 
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system with immediate notification that a specific 
device's operation has completed and that de- 
vice may now be used. This is particularly useful 
in a file management application where a block 
pair, containing only deleted files, is being erased 
to free up space so new file data may be written. 


Enabling the HIGH-PERFORMANCE READY-BUSY 
MODE requires a three step sequence: 


1. Set all bits in the READY/BUSY MASK REGIS- 
TER. This prevents ready devices from triggering 
an unwanted interrupt when step 3 is performed. 
2. Write 01H to the READY-BUSY MODE REGIS- 
TER. This sets the MODE bit. 


3. Write 01H to the READY-BUSY MODE REGIS- 
TER. This clears the RACK bit. 


The MODE and RACK bits must be written in the 
prescribed 
sequence, 
not 
simultaneously. 
The 
card's circuitry is designed purposely in this manner 
to prevent an initial, unwanted busy-to-ready tran- 
sition. Note that in Step 2, writing to the RACK bit is 
a Don't Care. 


When the High-Performance Mode is enabled, spe- 
cific READY-BUSY MASK bits must be cleared after 
an operation is initiated on the respective devices. 
After each device becomes ready, the RDY/BSY # 
pin makes a low-to-high transition. To catch the next 
device's completion of an operation, the RACK bit 
must be cleared by writing "01 H" to the Ready/Busy 
Mode Register. 


READY-BUSY 
MODE REGISTER 


ADDRESS 


(Read/Write Register) 


BITO 


4140H 
MODE 


BIT1 


RACK 


MODE 
= READY·BUSY 
MODE 
o = PCMCIA 
MODE 
1 = HIGH 
PERFORMANCE 


RACK 
= 
READY 
ACKNOWLEDGE 
CLEAR 
TO 
SET 
UP 
RDY/BSY# 
PIN. 
THEN 
CLEAR 
AFTER 
EACH 
DEVICE 
BECOMES 
READY 
TO ACKNOWL- 
EDGE TRANSITION. 


Figure 12. High Performance Ready-Busy Mode REGISTER (Intel) 
Used to Trigger a Ready Interrupt for Each Device 
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PRINCIPLES 
OF DEVICE 
OPERATION 


Individual 28F008SA devices include a Command 
User Interface (CUI) and a Write State Machine 
(WSM) to manage write and erase functions in each 
device block. 


The CUI serves as the device's interface to the Card 
Control Logic by directing commands to the appro- 
priate device circuitry (Table 4). It allows for fixed 
power supplies during block erasure and data writes. 
The CUI handles the WE# interface into the device 
data and address latches, as well as system soft- 
ware requests for status while the WSM is operating. 


The CUI itself does not occupy an addressable 
memory location. The CUI provides a latch used to 
store the command and address and data informa- 
tion needed to execute the command. Erase Setup 
and Erase Confirm commands require both appropri- 
ate command data and an address within the block 
to be erased. The Data Write Setup command re- 
quires both appropriate command data and the ad- 
dress of the location to be written, while the Data 
Write command consists of the data to be written 
and the address of the location to be written. 


T bl 
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The CUI initiates flash memory writing and erasing 
operations only when .vpp is at 12V. Depending on 
the application, the system designer may choose to 
make the Vpp power supply switchable (available 
when writes and erases are required) or hardwired to 
VPPH.When Vpp = VPPL, power savings are in- 
curred and memory contents cannot be altered. The 
CUI architecture provides protection from unwanted 
write and erase operations even when high voltage 
is applied to Vpp. Additionally, all functions are dis- 
abled whenever Vcc is below the write lockout volt- 
age VLKO, or when the card's Deep-Sleep modes 
are enabled. The WSM automates the writing and 
erasure of blocks within a device. This on-chip state 
machine controls block erase and data-write, freeing 
the host processor for other tasks. After receiving 
the Erase Setup and Erase Confirm commands from 
the CUI, the WSM controls block-erase. Progress is 
monitored via the device's status register, the card's 
control 
logic, 
and 
the 
RDYIBSY # 
pin 
of 
the 
PCMCIA interface. Data-write is similarly controlled, 
after destination address and expected data are 
supplied. 


c 
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Bus 
First 
Bus Ccyle 
Second 
Bus Cycle 


28F008SA 
Command(1) 
Cycles 
Data 
Data 
Req'd 
Operation 
Addr(2) 
Operation 
Addr(2) 
x8 Mode 
x16 Mode 
x8 Mode 
x16Mode 


Read Array/Reset 
1 
Write 
DA 
FFH 
FFFFH 


Intelligent 
Identifer 
3 
Write 
DA 
90H 
9090H 
Read 
lA 
110(3) 
110(3) 


Read Device Status 
Register 
2 
Write 
DA 
70H 
7070H 
Read 
DA 
SRD(4) 
SRD(4) 


Clear Device Status 
Register 
1 
Write 
DA 
50H 
5050H 


Erase Setup/Erase 
Confirm 
2 
Write 
'BA 
20H 
2020H 
Write 
BA 
DOH 
DODOH 


Erase Suspend/ 
2 
Write 
DA 
BOH 
BOBOH 
Write 
DA 
DOH 
DODOH 


Erase Resume 


Write Setup/Write 
2 
Write 
WA 
40H 
4040H 
Write 
WA 
WO(S) 
WO(S) 


Alternate 
Write Setup/Wr~e(6) 
2 
Write 
WA 
10H 
1010H 
Write 
WA 
WO(S) 
WO(S) 


NOTES: 
1. Commands 
other 
than those 
shown 
above 
are reserved 
by Intel for future 
device 
implementations 
and should 
not be 
used. 
. 


2. OA = A device-level 
(or device 
pair) address 
within 
the card. 


BA = Address 
within 
the block 
of a specific 
device 
(device 
pair) being erased. 


WA = Address 
of memory 
location 
to be written. 
lA 
= A device-level 
address; 
OOH for manufacturer 
code, 
01 for device 
code. 


3. FOllowing 
the intelligent 
identifier 
command, 
two read operations 
access 
manufacturer 
(89H) 
and device 
codes 
(A2H). 


4. SRO = Oata read from 
Device 
Status 
Register. 


5. WO = Oata to be written 
at location 
WA. Oata is latched 
on the rising edge of WEll. 


6. Either 
40H or 10H are recognized 
by the WSM 
as the Write 
Setup 
command. 
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COMMAND 
DEFINITIONS 


Read Array (FFH) - 


Upon initial card power-up, after exit from the Deep- 
Sleep modes, and whenever illegal commands are 
given, individual devices default to the Read Array 
mode. This mode is also entered by writing FFH into 
the CUI. In this mode, microprocessor read cycles 
retrieve array data. Devices remain enabled for 
reads until the CUI receives an alternate command. 
Once the internal WSM has started a block-erase or 
data-write operation within a device, that device will 
not recognize the Read Array command until the 
WSM has completed its operation (or the Erase Sus- 
pend command is issued during erase). 


Intelligent 
Identifier 
(90H) - 


After executing this command, the intelligent identifi- 
er values can be read. Only address Ao of each de- 
vice is used in this mode, all other address inputs 
are reserved and should be cleared to o. [(Manufac- 
turer code = 89H for Ao = 0), (Device code = A2H 
for Ao = 1)]. The device will remain in this mode 
until the CUI receives another command. 


This information is useful by system software in de- 
termining what type of flash memory device is con- 
tained within the card and allows the correct match- 
ing of device to write and erase algorithms. System 
software that fully utilizes the PCMCIA specification 
will not use the intelligent identifier mode, as this 
data is available within the Card Information Struc- 
ture (refer to section on PCMCIA Card Information 
Structure). 


Read Status Register (70H) 


After writing this command, a device read outputs 
the contents of its Status Register, regardless of the 
address presented to that device. The contents of 
this register are latched on the falling edge of OE# , 
CE1# (and/or CE2#), whichever occurs last in the 
read cycle. This prevents possible bus errors which 
might occur if the contents of the Status Register 
changed while reading its contents. CE1# 
(and 
CE2# for odd-byte or word access) or OE# must be 
toggled with each subsequent status read, or the 
completion of a write or erase operation will not be 
evident. This command is executable while the 
WSM is operating, however, during a block-erase or 
data-write operation, reads from the device will auto- 
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matically return status register data. Upon comple- 
tion of that operation, the device remains in the 
Status Register read mode until the CUI receives 
another command. 


The read Status Register command functions when 
Vpp = VPPL or VpPH. 


Clear Status Register (SOH) 


The Erase Status and Write Status bits may be set 
to "1 "s by the WSM and can only be reset by the 
Clear Status Register Command. These bits indicate 
various failure conditions. By allowing system soft- 
ware to control the resetting of these bits, several 
operations may be performed (such as.cumulatively 
writing several bytes or erasing multiple blocks in 
sequence). The device's Status Register may then 
be polled to determine if an error occurred during 
that sequence. This adds flexibility to the way the 
device may be used. 


Additionally, the Vpp Status bit (SR.3) MUST be re- 
set by system software (Clear Status Register com- 
mand) before further block-erases are attempted 
(after an error). 


The Clear Status Register command functions when 
Vpp = VPPL or VPPH. This command puts the device 
in the Read Array mode. 


Write Setup/Write 


A two-command sequence executes a data-write 
operation. After the system switches Vpp to VPPH, 
the write setup command (40H) is written to the CUI 
of the appropriate device, followed by a second 
write specifying the address and write data (latched 
on the rising edge of WE#). The device's WSM con- 
trols the data-write and write verify algorithms inter- 
nally. After rectliving the two-command write se- 
quence, the device automatically outputs Status 
Register data when read (see Figure 13). The CPU 
detects the completion of the write operation by an- 
alyzing card-level or device-level indicators. Card- 
level indicators include the RDY/BSY # pin and the 
READY-BUSY STATUS REGISTER; while device- 
level indicators include the specific device's Status 
Register. Only the Read Status Register command 
is valid while the write operation is active. Upon 
completion of the data-write sequence (see section 
on Status Register) the device's Status Register re- 
flects the result of the write operation. The device 
remains in the Read Status Register mode until the 
CUI receives an alternate command. 
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Erase Setup/Erase 
Confirm 
Commands 
(20H) 


Within a device, a two-command sequence initiates 
an erase operation on one device block at a time. 
After the' system switches Vpp to VPPH, an Erase 
Setup command (20H) prepares the CUI for the 
Erase Confirm command (DOH).The device's WSM 
controls the erase algorithms internally. After receiv- 
ing the two-command erase sequence, the device 
automatically outputs Status Register data when 
read (see Figure 14). If the command after erase 
setup is not an Erase Confirm command, the CR 
sets the Write Failure and Erase Failure bits of the 
Status Register, places the device into the Read 
Status Register mode, and waits for another com- 
mand. The Erase Confirm command enables the 
WSM for erase (simultaneously closing the address 
latches for that device's block (A16-A19)' The CPU 
detects the completion of the erase operation by an- 
alyzing card-level or device-level indicators. Card- 
level indicators include the RDYIBSY 
pin and the 
READY-BUSY STATUS REGISTER; while device- 
level indicators include the specific device's Status 
Register. Only the Read Status Register and Erase 
Suspend command is valid during an active erase 
operation. Upon completion of the erase sequence 
(see section on Status Register) the device's Status 
Register reflects the result of the erase operation. 
The device remains in the Read Status Register 
mode until the CUI receives an alternate command. 


The two-step block-erase sequence ensures that 
memory contents are not accidentally erased. Erase 
attempts while VPPL < 
Vpp< 
VPPH produce spuri- 
ous results and are not recommended. Reliable 
block erasure only occurs when Vpp = VPPH. In the 
absence of this voltage, memory contents are pro- 
tected against erasure. If block erase is attempted 
while Vpp = VPPL, the Vpp Status bit will be set to 
U1 H. 


When erase completes, the Erase Status bit should 
be checked. If an erase error is detected, the de- 
vice's Status Register should be cleared. The CUI 
remains in Read Status Register mode until recslv- 
ing an alternate command. 
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Erase Suspend (BOH)/Erase 
Resume 
(DOH) 


Erase Suspend allows block erase interruption to 
read data from another block of the device or to 
temporarily conserve power for another system op- 
eration. Once the erase process starts, writing the 
Erase Suspend command to the CUI (see Figure 15) 
requests the WSM to suspend the erase sequence 
at a predetermined point in the erase algorithm. In 
the erase suspend state, the device continues to 
output Status Register data when read. 


Polling the device's RYIBY # and Erase Suspend 
Status bits (Status Register) will determine when the 
erase suspend mode is valid. It is important to note 
that the card's RDYIBSY 
# pin will also transition to 
VOH and will generate an interrupt if this pin is con- 
nected to a system-level interrupt. At this point, a 
Read Array command can be written to the device's 
CUI to read data from blocks other than those 
whIch are suspended. The only other valid com- 
mands at this time are Read Status Register (70H) 
and Erase Resume (DOH). If Vpp goes low during 
Erase Suspend, the Vpp 
Status bit is set in the 
Status Register and the erase operation is aborted. 


The Erase Resume command clears the Erase Sus- 
pend state and allows the WSM to continue with the 
erase operation. The device's RYIBY # Status and 
Erase Suspend Status bits and the card's READY- 
BUSY Status Register are automatically updated to 
reflect the erase resume condition. The card's RDYI 
'BSY # pin also returns to VOL. 


Invalid/Reserved 


These are unassigned commands having the same 
effect as the Read Array command. Do not issue 
any command other than the valid commands speci- 
fied above. Intel reserves the right to redefine these 
codes for future functions. 
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DEVICE STATUS.REGISTER 


Each 28F008SA device in the Series 2 Card con- 
tains a Status Register which displays the condition 
of its Write State Machine. The Status Register is 
read at any time by writing the Read Status com- 
mand to the CUI. After writing this command, all sub- 
sequent 
Read operations 
output data from the 
Status Register, until another command is written to 
the CUI. 


Bit 7-WSM 
Status 


This bit reflects the Ready/Busy condition of the 
WSM. A "1" 
indicates that read, block-erase or 
data- write operations are available. A "0" indicates 
that write or erase operations are in progress. 


Bit 6-Erase 
Suspend Status 


If an Erase Suspend command is issued during the 
erase operation, the WSM halts execution and sets 
the WSM Status bit and the Erase Suspend Status 
bit to a "1". This bit remains set until the device 
receives an Erase Resume command, at which point 
the CUI resets the WSM Status bit and the Erase 
Suspend Status bit. 
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Bit 5-Erase 
Status 


This bit will be cleared to 0 to indicate a successful 
block-erasure. When set to a "1", the WSM has 
been unsuccessful at performing an erase verifica- 
tion. The device's CUI only resets this bit to a "0" in 
response to a Clear Status Register command. 


Bit 4-WriteStatus 


This bit will be cleared to a 0 to indicate a successful 
data-write operation. When the WSM fails to write 
data after receiving a write command, the bit is set 
to a "1" and can only be reset by the CUI in re- 
sponse to a Clear Status Register command. 


Bit 3-Vpp 
Status 


During block-erase and data-write operations, the 
WSM monitors the output of the device's internal 
Vpp detector. In the event of low Vpp, the WSM sets 
("1") the Vpp Status bit, the status bit for the opera- 
tion in progress (either write or erase). The CUI re- 
sets these bits in response to a Clear Status Regis- 
ter command. Also, the WSM RY/BY # bit will be set 
to indicate a device ready condition. This bit MUST 
be reset by system software (Clear Status Register 
command) before further data writes or block erases 
are attempted. 


Bit 7 
BitS 


Device Status Register 
(Read Only Register) 


Bit 3 


Erase 
Status 


Blt6 
Bit 4 


Erase I 
Suspend 
Status 


WSM 
Status 
Write 
Status 
Vpp 
Status 
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Bus 
Command 
x8Mode 
x16Mode 
Operation 


Write 
Write Setup, 
Data = 40H 
Data = 4040H 
Address = Byte 
Address = WOfd 
Within Card to be 
W~hin Card to be 
Written 
Written 
Write 
Data Write 
Data to be Written 
Data to be Written 
Address = Byte 
Address = Word 
Within Card to be 
Within Card to be 
Written 
Written 


Read 
Defaults to 
Status Register 
Status Register 
Device Sta- 
Data. ToggleOE#, 
Data Toggle OE# Of 
tus Register 
CE1# OfCE2# to 
(CEl # and CE2#) 
Read Mode 
update Status 
to update Status 
Register 
Registers 


Standby 
CheckSR B~7 
Check SR Bits 
1 = Ready, 
7 and 15 
0= 
Busy 
1 = Ready, 
0= 
Busy 
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FULL STATUS 
CHECK 
PROCEDURE 


Bus 
Command 
x8Mode 
x16Mode 
Operation 


Standby 
Check SR Bit 3 
Check SR Bits 
1 = Vpp Detected 
3 and 11 
Low 
1 = Vpp Detecled 
Low 


Standby 
Check SR Bit 4 
Check SR Bits 
1 = Data'Write Error 
4 and 12 
1 = Data Write Error 


vpp Rang.(5) 


Error 


Dota Writ.(6) 


Error 


290434-18 


Figure 
13. Device-Level 
Auto!""ated Write Algorithm 


NOTES: 
1. Repeat 
for subsequent 
data writes. 
2. In addition, 
the card's 
READY-BUSY 
STATUS 
REGISTER 
or the RDY/BSY# 
pin may be used. 
3. FUll device-level 
status 
check 
can be done 
aiter 
each data write 
or after a sequence 
of data writes. 
4. Write 
FFH (or FFFFH) 
aiter 
the last data write 
operation 
to reset the device(s) 
to Read Array 
Mode. 


5. If a data 
write 
operation 
fails due to a low Vpp (setting 
SR Bit 3), the Clear 
Status 
Register 
command 
MUST 
be issued 
before 
further 
attempts 
are allowed 
by the Write 
State 
Machine. 
6. If a data 
write 
operation 
fails 
during 
a multiple 
write 
sequence, 
SR 
Bit 4 (Write 
Status) 
will 
not 
be cleared 
until 
the 
Command 
User Interface 
rece1ves the Clear 
Status 
Register 
command. 
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SUlptlnd 
Ere •• 
Loop 


YES 
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Bus 
Command 
x8Mode 
x16Mode 
Operation 


Write 
Erase 
Data = 20H 
Data = 2020H 
Setup 
Address = Block 
Address = Block Pair 
Within Card to be 
Within Card to be 
Erased 
Erased 


Write 
Erase 
Data = DOH 
Data = DODOH 
Address = Block 
Address = Block 
Within Card to be 
Pair Within Card to 
Erased 
be Erased 


Read 
Defaults to 
Status Register 
Status Register 
DeviceSta· 
Data. Toggle OE# , 
Data. Toggle OE# or 
tus Register CEl # or CE2# to 
(CE1# andCE2#) 
Read Mode 
update Status 
to update Status 
Register 
Register 


Standby 
Check SR Bit 7 
Check SR Bits 7 and 15 
1 = Ready, 
1 = Ready, 
0= 
Busy 
0= 
Busy 


NOTES: 
1. Repeat 
for subsequent 
data writes. 
2. In addition, 
the card's 
READY·BUSY 
STATUS 
REGISTER 
or the RDY/BSY# 
pin may be used. 
3. Full device-level 
status 
check 
can be done 
after each block 
erase or after a sequence 
of block 
erases. 
4. Write 
FFH (or FFFFH) 
after the last block 
erase 
operation 
to reset the device(s) 
to Ready 
Array 
Mode. 
5. If a block 
erase 
operation 
fails due to a low VPP (setting 
SR Bit 3), the Clear Status 
Register 
command 
MUST 
be issued 
before 
further 
attempts 
are allowed 
by the Write State 
Machine. 
. 


6. If a block 
erase 
operation 
fails during 
a multiple 
block 
erase 
sequence, 
SR Bit 4 (Write Status) 
will not be cleared 
until the 
Command 
User Interface 
receives 
the Clear 
Status 
Register 
command. 


FULL STATUS 
CHECK 
PROCEDURE 


vpp 
Rang.(S) 


Error 


Command 
Sequence 
Error 


Block 
Era •• (6) 
Error 


290434-20 


Figure 14. Device-Level Automated Erase Algorithm 


Bus 
Command 
x8Mode 
x16 Mode 
Operation 


Standby 
Check SR Bit 3 
Check SR Bits 
1 = Vpp Detected 
3 and 11 
Low 
Either Bit 1 = Vpp 
Detected Low 


Standby 
Check SR Bits 4 and 5 Check SR Bits 4, 5, 
Both 1 = Command 
12,13 
Sequence Error 
All 1 = Command 
Sequence Error 


Standby 
Check SR Bit 5 
Check SR Bits 
1 = Block Erase 
5 and 13 
Error 
Both 1 = Block 
Erase Failure 
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Bus 
Command 
xBMode 
x16Mode 
Operation 


Write 
Suspend 
Data 
- 
BOH, 
Data 
BOBOH, 


Erase 
Address 
= 
Desired 
Address 
= 
Desired 


Block 
to Erase 
Block 
Pair to Erase 
Suspend 
Suspend 
. 
I 


Read 
Status 
Register 
Status 
Register 


Data. Toggle 
OE #, 
Data. Toggle 
OE# 
or 


CE1 # or CE2.# to 
(CE1 # and CE2#) 
update 
Status 
to update 
Status 
Register 
Register 


Standby 
Check 
SR Bit 7 
Check 
SR Bit 7 and 15 


1 = 
Ready, 
1 = 
Ready, 


0= 
Busy 
0= 
Busy 


Standby 
Check 
SR Bit 6 
Check 
SR Bit 6 and 14 


1 = 
Suspended, 
1 = 
Suspended, 


o = 
In Progress 
o = 
In Progress 


Write 
Rd Array 
Data 
= 
FFH 
Data 
= 
FFFFH 


Cmd 


Read 
Read Data 
Read 
Data 
until finished 
until finished 


Write 
Erase 
Data 
= 
DOH, 
Data 
= 
DODOH, 


Resume 
Address 
= 
Valid 
Address 
= 
Valid 
Block 
Address. 
Block 
Pair Address. 


Figure 
15. Erase Suspend/Resume 
Algorithm. 
Allows 
Reads 
to Interrupt 
Erases. 


POWER 
CONSUMPTION 


STANDBY 
MODE 


In most applications, 
software 
will only be accessing 
one device 
pair at a time. The Series 
2 Card is de- 


fined 
to be in the standby 
mode 
when 
one device 
pair is in the Read Array Mode while the remaining 
devices 
are in the Deep-Sleep 
Mode. The Series 
2 
Card's 
CEl # and CE2# 
input signals 
must also be 
at VIH. In standby 
mode, much of the card's 
circuitry 
is shut 
off, 
substantially 
reducing 
power 
consump- 
tion. Typical 
power 
consumption 
for a 20 Megabyte 
Series 
2 card in stand by mode is 65 /-LA. 


SLEEP 
MODE 


Writing 
a "1" 
to the 
PWRDWN 
bit of the GLOBAL 
POWER DOWN 
REGISTER 
places 
all 
FlashFile 


Memory 
devices 
into a Deep-Sleep 
mode. This dis- 


abies most of the 28F008SA's 
circuitry 
and reduces 
current 
consumption 
to 0.2 /-LA per device. 
Addition- 


ally, when the host system 
pulls ASIC control 
logic 
high and latches 
all address 
and data lines (Le., not 
t09gling), 
the card's 
total current 
draw is reduced 
to 
approximately 
5 /-LA (CMOS 
input 
levels) 
for 
a 2~ 


Megabyte 
card. On writing a "0" 
to the PWRDWN 
bit 


(Global 
Power Down 
Register) 
or any individual 
de- 


vice 
pair 
(Sleep 
Control 
Register), 
a Deep-Sleep 


mode 
recovery 
period 
must 
be 
allowed 
for 


28F008SA 
device 
circuitry 
to power 
back on. 


2-154 
. 


SYSTEM 
DESIGN 
CONSIDERATIONS 


POWER 
SUPPLY 
DECOUPLlNG 


Flash memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current issues-stand- 
by, active and transient current peaks, produced by 
rising and falling edges of CE1# and CE2#' The 
capacitive and inductive loads on the card and inter- 
nal flash memory device pairs determine the magni- 
tudes of these peaks. 


The Flash Memory Card features on-card ceramic 
decoupling capacitors connected between Nee and 
GND, and between VPP1IVPP2and GND to help 
transient voltage peaks. 


On the host side, the card connector should also 
have a 4.7 J.LFelectrolytic capacitor between vcc 
and GND, as well as between VPP1IVPP2and GND. 
The bulk capacitors will overcome voltage slumps 
caused by printed-circuit-board trace inductance, 
and will supply charge to the smaller capacitors as 
needed. 


POWER 
UP/DOWN 
PROTECTION 


Each device in the Flash Memory Card is designed 
to offer protection against accidental erasure or writ- 
ing, caused by spurious system-level signals that 
may exist during power transitions. The card will 
power-up into the Read Array Mode. 


A system designer must guard against active writes 
for vcc voltages above VLKO when Vpp is active. 
Since both WE# and CEl # (and/or CE2#) must be 
low for a command write, driving either to VIH will 
inhibit writes. With its Command User Interface, al- 
teration of device contents only occurs after suc- 
cessful completion of the two-step command se- 
quences. 
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While these precautions are sufficient for most appli- 
cations, an alternative approach would allow vcc to 
reach its steady state value before raising VPP1/ 
VPP2above vcc + 2.0V. In addition, upon power- 
ing-down, VPP1IVPP2should be below vcc + 2.0V, 
before lowering vcc- 


HOT INSERTION/REMOVAL 


The capability to remove or insert PC cards while the 
system is powered on (i.e., hot insertion/removal) 
requires careful design approaches on the system 
and card levels. To design for this capability consid- 
er card overvoltage stress, system power droop and 
control line stability. 


A PCMCIAIJEIDA specified 
socket 
properly se- 
quences the power supplies to the flash memory 
card via shorter and longer pins. This assures that 
hotinsertion and removal will not result in card dam- 
age or data loss. 


PCMCIA 
CARD 
INFORMATION 
STRUCTURE 


The Card Information Structure (CIS) starts at ad- 
dress zero of the card's Attribute Memory Plane. It 
contains a variable-length chain of data blocks (tu- 
pies) that conform to a basic format as shown in 
Table 5. This section describes each tuple contained 
within the Series 2 Flash Memory Card. 


The Device Information 
Tuple 


This tupls (CISTPL.DEV 
= 01H) contains informa- 
tion pertaining to the card's speed and size. The Se- 
ries 2 Card is offered with a 150 nanosecond access 
time. Card sizes range between 2 and 20 Mega- 
bytes. 


Table 5 Tuple Format 


Bytes 
Data 


0 
Tuple Code: CISTPL.xxx. 
The tuple code OFFHindicates no more tupies in the list. 


1 
Tuple Link: TPL.LlNK. 
Link to the next tuple in the list. This can be viewed as the number of 
additional bytes in tuple, excluding this byte. If the link field is zero, the tuple body is empty. If the 
link field contains OFFH,this tuple is the last tuple in the list. 


2-n 
Bytes specific to this tuple. 
-T 
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The Device Geometry Tuple 


This 
tuple 
(CISTPLDEVICEGEO 
= 1EH) is con- 
ceptually 
similar 
to 
a 
DOS 
disk 
geometry 
tuple 
(CISTPLGEOMETRY), 
except 
it is not a format- 
dependent 
property; 
this deals with the fixed 
archi- 
tecture 
of the memory 
device(s). 


Fields are defined 
as follows: 


DGTPL 
BUS-Value 
= n, where 
system 
bus width 
= 2(n-1) 
bytes. 
N = 2 for standard 
PCMCIA 
Re- 
lease 1.0/2.0 
cards. 


DGTPL 
EBS-Value 
= n, where the memory 
array's 
physical 
memory 
segments 
have a minimum 
erase 
block 
size 
of 
2(n-1) 
address 
increments 
of 
DGTPLBUS-wide 
accesses. 


DGTPL 
RBS-Value 
= n, where 
the 
memory 
ar- 


. ray's 
physical 
memory 
segments 
have 
a minimum 
read 
block 
size 
of 
2(n -1) 
address 
increments 
of 
DGTPLBUS-wide 
accesses. 


DGTPL 
WBS-Value 
= 
n, where 
the 
memory 
ar- 
ray's 
physical 
memory 
segments 
have 
a minimum 
write 
block 
size 
of 
2(n-1) 
address 
increrrrents 
of 
DGTPLBUS-wide 
accesses. 
I 


DGTPL 
PART-Value 
= 
n, where 
the memory 
ar- 
ray'sphysical 
memory 
segments 
can have partitions 
subdividing 
the 
arrays 
in 
minimum 
granularity 
of 
2(n-1) 
number 
of erase blocks. 


FL DEVICE 
INTERLEAVE-Value 
= n, where 
card 
architectures 
employ 
a multiple of 2(n-1) 
times inter- 
leaving 
otthe 
entire 
memory 
arrays with the. above 
characteristics. 
Non-interleaved 
cards 
have 
values 
n = 1. 


Jedec Programming 
Information 
Tuple 


This 
tuple 
(CISTPLJEDEC 
18H) contains 
the 
Intel 
manufacturing 
identifier 
(89H) 
and 
the 
28F008SA 
device 
ID (A2H). 
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Level 1 Version/Product 
Information 
Tuple 


This tuple (CISTPLVERI 
= 15H) contains 
Level-1- 
version 
compliance 
and card-manufacturer 
informa- 
tion. Fields are described 
as follows: 


TPLLV1 
MAJOR-Major 
version 
number 
= 04H. 


TPLLV1 
MINOR-Minor 
version 
number 
= 01 H for 
release 
2.0. 


TPLLV1 
INFo- 


Name of manufacturer 
= intel; 
Name of product 
= SERIES2-"Card 
size"; 
Card type 
= 2; 
Speed 
= 150 ns or 200 ns 
Register 
Base 
= REGBASE 
4000H 
Test Codes 
= DBBDRELP 
Legalities 
= COPYRIGHT 
intel 
Corporation 
1991 


The Configurable Card Tuple 


This tuple 
(CISTPLCONF 
= 
1AH) describes 
the 
interface 
supported 
by the card and the locations 
of 
the Card Configuration 
Registers 
and the Card Con- 
figuration 
Table. 


Fields are described 
as follows: 


TPCC SZ-Size 
of fields byte = 01 H. 


TPCC 
LAST-Index 
number 
of the last entry in the 
Card Confiquration 
Table 
= OOH. 


TPCC 
RADR-Configuration 
Registers 
Base 
Ad- 
dress in Reg Space 
= 4000H. 


TPCC 
RMSK-Configuration 
Registers 
Present 
Mask = 03H. 


The End-Of-Llst Tuple 


The end-of-Iist 
tuple (CISTPLEND 
= FFH) marks 
the end of a tuple chain. Upon encountering 
this tu- 
pie, continue 
tuple processihg 
as if a long-link 
to ad- 
dress 
0 of common 
memory 
space 
were 
encoun- 
tered. 


Tuple 
Value 
Description 
Address 


OOH 
01H 
CiSTPLDEV 


02H 
03H 
TPLLiNK 


04H 
53H 
DEVICLINFO 
= 
FLASH 150 ns 
52H 
DEVICLINFO 
= 
FLASH 200 ns 


CARD SIZE 
06H 
06H 
2M 
OEH 
4M 
26H 
10M 
4EH 
20M 


08H 
FFH 
END OF 
DEVICE 


OAH 
1EH 
CISTPL 
DEVICEGEO 


OCH 
06H 
TPLLiNK 


OEH 
02H 
DGTPLBUS 


10H 
11H 
DGTP.LEBS 


12H 
01H 
DGTPLRBS 


14H 
01H 
DGPLWE;lS 


16H 
03H 
DGTPLPART 


18H 
01H 
FLDEVICE 
INTERLEAVE 


1AH 
18H 
CISTPLJEDEC 


1CH 
02H 
TPLLiNK 


1EH 
89H 
INTELJ-ID 


20H 
A2H 
28F008 J-ID 


22H 
15H 
CISTPLVER1 


24H 
50H 
TPLLiNK 


26H 
04H 
TPLLV1 
MAJOR 


28H 
01H 
TPLLV1 
MINOR 


2AH 
69H 
TP.LLV1INFO 
i 


2CH 
6EH 
n 


2EH 
74H 
t 


30H 
65H 
e 


SERIES 2 FLASH MEMORY 
CARDS 


Tuple 
Value 
Description 
Address 


32H 
6CH 
I 


34H 
OOH 
END TEXT 


36H 
53H 
S 


38H 
45H 
E 


3AH 
52H 
R 


3CH 
49H 
I 


3EH 
45H 
E 


40H 
53H 
S 


42H 
32H 
2 


44H 
2DH 
- 


46H 
30H 
2M = 0 
30H 
4M = 0 
I 
31H 
10M = 1 
32H 
20M = 2 


48H 
32H 
2M = 2 
34H 
4M = 4 
30H 
10M = 0 
30H 
20M = 0 


4AH 
20H 
SPACE 


4CH 
OOH 
END TEXT 


4EH 
32H 
CARD TYPE 2 


50H 
41H 
A = 2M.150ns 
42H 
B = 4M.150ns 
45H 
E = 10M. 150 ns 
5AH 
Z = 20M. 150 ns 
48H 
H = 2M. 200 ns 
49H 
1= 4M. 200 ns 
4CH 
L = 10M. 200 ns 
4FH 
o = 20M. 200 ns 


2-157 


SERIES 2 FLASH MEMORY 
CARDS 


Tuple 
Value 
Description 
Address 


52H 
20H 
SPACE 


54H 
52H 
REGBASE-R 


56H 
45H 
E 


58H 
47H 
G 


5AH 
42H 
B 


5CH 
41H 
A 


5EH 
53H 
S 


60H 
45H 
E 


62H 
20H 
SPACE 


4000h 
64H 
34H 
4 


66H 
30H 
0 


68H 
30H 
0 
6AH 
30H 
0 


6CH 
68H 
h 
6EH 
20H 
SPACE 
70H 
44H 
D 
72H 
42H 
B 
74H 
42H 
B 


'76H 
44H 
D 
78H 
52H 
R 
7AH 
45H 
E 
7CH 
4CH 
L 
7EH 
50H 
P 
80H 
OOH 
END TEXT 
COPYRIGHT 
82H 
43H 
C 
84H 
4FH 
0 
86H 
50H 
P 
88H 
59H 
Y 
8AH 
52H 
R 
8CH 
49H 
I 
8EH 
47H 
G 


. 
90H 
48H 
H 
92H 
54H 
T 
94H 
20H 
SPACE 
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Tuple 
Value 
' Description 
Address 


96H 
69H 
i 


98H 
6EH 
n 


9AH 
74H 
t 


9CH 
65H 
e 


9EH 
6CH 
I 


AoH 
20H 
SPACE 


CORPORATION 
A2H 
43H 
C 


A4H 
4FH 
0 


A6H 
52H 
R 


A8H 
50H 
P 


AAH 
4FH 
0 
I 


ACH 
52H 
R 


AEH 
41H 
A 


BOH 
54H 
T 
B2H 
49H 
I 


B4H 
4FH 
0 
B6H 
4EH 
N 


B8H 
20H 
SPACE 


BAH 
31H 
1 
BCH 
39H 
9 


BEH 
39H 
9 


COH 
31H 
1 
C2H 
OOH 
END TEXT 


C4H 
FFH 
END OF LIST 
C6H 
1AH 
CISTPLCONF 
C8H 
06H 
TPLLlNK 
CAH 
01H 
TPCC_SZ 


CCH 
OOH 
TPCC_LAST 


CEH 
OOH 
TPCC_RADR 


DOH 
40H 
TPCC_RADR 


D2H 
03H 
TPCC_RMSK 


D4H 
FFH 
END OF LIST 


D6H 
FFH 
CISTPLEND 
D8H 
OOH 
INVALIDECIS 
ADDRESS 


SERIES 2 FLASH MEMORY 
CARDS 


OPERATING 
SPECIFICATIONS 
NOTICE: This data sheet contains preliminary 
infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


ABSOLUTE MAXIMUM RATINGS· 


Storage 
Temperature 
- 4Q·C to + 85·C 


Voltage 
on Any Pin with 
Respect 
to.Ground 
..... 
-2.0V 
to vcc + 2.0V(1) 


VPP1IVPP2 Supply Voltage 
with 
Respect 
to Ground 
- 2.0V to + 14.0V(1. 2) 


vcc Supply Voltage 
with 
Respect 
to Ground 
- O.5V to + 7.0V 


NOTES: 
1. Minimum DC input voltage is -0.5V. 
During transitions. inputs may undershoot to -2.0V 
tor periods of less than 20 ns. 


Maximum DC voltage on output pins is vcc + 0.5V. The voltage may overshoot to vcc + 2.0V for periods of less than 20 
ns. 
2. Maximum DC input voltage on VPP1IVPPi!may overshoot to + 14.0V for periods of less than 20 ns. 


•WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress 
ratings 
only. Operetion 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 
. 


COMMERCIAL TEMPERATURE OPERATING CONDITIONS 


These 
operating 
conditions 
apply to commercial 
temperature 
devices. 


Symbol 
Parameter 
Mln 
Max 
Unit 


TA 
Operating Temperature 
0 
70 
·C 


Vcc 
vcc Supply Voltage (5%) 
4.75 
5.25 
V 


EXTENDED TEMPERATURE OPERATING CONDITIONS. 


These 
operating 
conditions 
apply to extended 
temperature 
devices. 


Symbol 
Parameter 
Mln 
Max 
Unit 


TA 
Operating Temperature 
-40 
85 
·C 


Vet 
vcc Supply Voltage (5%) 
4.75 
5.25 
V 


CHARACTERISTICS 


All AC and DC characteristics 
apply to both commercial 
and extended 
temperature 
devices. 


COMMON DC CHARACTERISTICS, CMOS and TTL 


Symbol 
Parameter 
Notes 
Mln 
Typ 
Max 
Unit 
Test Condition 


III 
Input Leakage Current 
1.3 
±1 
±20 
/J-A 
vcc = vcc Max 
VIN = vcc or GND 


ILO 
Output Leakage Current 
1 
±.1 
±20 
/J-A 
vcc = vcc Max 
VOUT = vcc or GND 


VIL 
Input Low Voltage 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage (TTL) 
1 
2.4 
vcc + 0.3 
V 
Input High Voltage (CMOS) 
0.7Vee 
vcc + 0.3 


VOL 
Output Low Voltage 
1 
Vss 
0.4 
.V 
vcc = vcc Min 
IOL = 3.2mA 


VOH 
Output High Voltage 
1 
4.0 
Vcc 
V 
vcc = vcc Min 
IOH = -2.0mA 


VpPL 
VPP during Read Only Operations 
1.2 
0.0 
6.5 
V 


VpPH 
VPP during Read/Write 
Operations 
1 
11.4 
12.6 
V 


VLKO 
vcc Erase/Write 
Lock Voltage 
1 
2.0 
V 


NOTES: 
I 


1. Values are the same for byte and word wide modes and for all card densities. 
2. Block Erases/Data Writes are inhibited when Vpp = VPPLand not guaranteed in the range between VpPHand VPPL. 
3. Exceptions: With VIN = GND. the leakage on CEl 11. CE211. REG11. OE 11. WE 11. will be ,;; 500 ,..A due to internal pullup 
resistors and. with VIN = vcc. RST leakage will be ,;; 500 ,..A due to internal pulldown resistor. 
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SERIES 2 FLASH MEMORY 
CARDS 


DC CHARACTERISTICS, 
CMOS 


Symbol 
Parameter 
Notes 
Byte Wide Mode 
Word 
Wide 
Mode 
Unit 
Test Condition 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


ICCR 
VCC Read Current 
1.3 
45 
85 
65 
120 
mA 
VCC = vcc Max. 
Control 
Signals 
= GND 


tcYCLE = 200 ns, 


lOUT = OmA 


'ccw 
vcc Write Current 
1.3 
35 
80 
45 
110 
mA 
Data Write 


in Progress 


ICCE 
vcc Erase Current 
1.2.3 
35 
80 
45 
110 
mA 
Block (Pair) Erase 


in Progress 


Ices 
vcc Standby 
Current 
2Meg 
110 
420 
110 
420 
vcc = vcc Max. 


4Meg 
160 
620 
160 
620 
Control 
Signals 


1.4.6 
",A 
= VIH 
10Meg 
310 
1220 
310 
1220 


20Meg 
560 
2200 
560 
2200 
~, 


ICCSL 
vcc Sleep Current 
2Meg 
60 
60 


4Meg 
100 
100 
1.4.5 
",A 
10Meg 
260 
260 


20Meg 
460 
460 


Ippw 
VppWrite 
1.3 
15 
30 
mA 
Data Write 


Current 
(Vpp = VPPH) 
in Progress 


IpPE 
Vpp Erase 
1.3 
15 
30 
mA 
Block (Pair) Erase 


Current 
(Vpp = VPPH) 
in Progress 


IpPSL 
Vpp Sleep Current 
2 Meg 
0.2 
10 
0.2 
10 


4Meg 
0.4 
20 
0.4 
20 
1.5 
",A 
10Meg 
1 
50 
1 
50 


20Meg 
2 
100 
2 
100 


IpPSl 
Vpp Standby 
or 
2Meg 
2.0 
20 
2.0 
20 
Read Current 
4Meg 
2.2 
30 
2.2 
30 
(Vpp:5: 
Vccl 
1.6 
",A 
10 Meg 
2.8 
60 
2.8 
60 


20 Meg 
3.8 
110 
3.8 
110 


IpPS2 
Vpp Standby 
or 
2Meg 
20 
400 
20 
400 
Read Current 
4 Meg 
40 
800 
40 
800 
(Vpp> 
Vcc) 
1.6 
",A 
10 Meg 
100 
2000 
100 
2000 


20Meg 
200 
4000 
200 
4000 


NOTES: 
1. All currents 
are in RMS unless 
otherwise 
noted. 
Typical 
values 
at vcc = 5.0V. VPP = 12.0V. T = 25'C. 


2. The Data Sheet 
specification 
for the 28F008SA 
in Erase Suspend 
(ICCES) is 5 mA typical 
and 10 mA max with the device 
deselected. 
If the device(s) 
are read while 
in Erase Suspend 
Mode. current 
draw is the sum of ICCES and 'cca 
3. Standby 
or Sleep 
currents 
are not included 
for non-accessed 
devices. 


4. Address 
and data inputs 
to card static. 
Control 
line voltages 
equal to VIH or VIL. 
5. All 28F008SA 
devices 
in Deep-Sleep 
(Reset-PowerDown) 
mode. 


6. In Byte and Word 
Mode. 
all but two devices 
in Deep-Sleep. 
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DC CHARACTERISTICS, 
TTL 


Symbol 
Parameter 
Notes 
Byte Wide Mode 
Word Wide Mode 
Unit 
Test Condition 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


ICCR 
vcc Read Current 
1,3 
70 
135 
90 
170 
mA 
vcc = vcc Max, 
Control 
Signals 
= GND 


tcYCLE = 200 ns, 


lOUT = OmA 


lccw 
VCC Write Current 
1,3 
60 
130 
70 
160 
mA 
Data Write 


in Progress 


ICCE 
VCC Erase Current 
1,2,3 
60 
130 
70 
160 
mA 
Block (Pair) Erase 


in Progress 


ICCS 
vcc Stand by Current 
~ 
VCC = vcc Max, 


4Meg 
Control 
Signals 
i---------=- 
1,4,6 
20 
100 
20 
100 
mA 
= VIH 
10Meg 
f---- 


20 Meg 


'ccsi, 
vcc Sleep Current 
I 
2Meg 


4Meg 
1,4,5 
20 
100 
20 
100 
mA 
f---- 


110Meg 


, 
20Meg 


Ippw 
VppWrite 
1,3 
10 
30 
20 
60 
mA 
Data Write 
Current 
(Vpp = VPPH) 
in Progress 


IpPE 
Vpp Erase 
1,3 
10 
30 
20 
60 
mA 
Block 
(Pair) Erase 
Current 
(Vpp = VPPH) 
in Progress 


IpPSL 
Vpp Sleep Current 
2 Meg 
0.2 
10 
0.2 
10 
i---------=- 
~ 
0.4 
20 
0.4 
20 
1,5 
p.A 
110Meg 
1.0 
50 
1.0 
50 


20Meg 
2.0 
100 
2.0 
100 


IpPSl 
Vpp Standby 
or 
2Meg 
2.0 
20 
2.0 
20 
Read Current 
I--------'- 
~ 
2.2 
30 
2.2 
30 
(Vpp s: VeC> 
1,6 
p.A 
10 Meg 
2.8 
60 
2.8 
60 
f---- 


20 Meg 
3.8 
110 
3.8 
110 


IpPS2 
Vpp Standby 
or 
~ 
20 
400 
20 
400 
Read Current 
4Meg 
40 
800 
40 
800 
(Vpp> 
Vcc) 
f------ 
1,6 
p.A 
~ 
100 
2000 
100 
2000 


20Meg 
200 
4000 
200 
4000 


NOTES: 
1. All currents 
are in RMS unless 
otherwise 
noted. 
Typical 
values 
at vcc = 5.0V, VPP = 12.0V, T = 25°C. 


2. The Data Sheet 
specification 
for the 28F008SA 
in Erase Suspend 
(ICCES) is 5 mA typical 
and 
10 mA max with the device 


deselected. 
If the device(s) 
are read while 
in Erase Suspend 
Mode, 
current 
draw is the sum of Iccss 
and ICCR. 


3. Standby 
or Sleep 
currents 
are not included 
for non-accessed 
devices. 
4. Address 
and data inputs 
to card static. 
Control 
line voltages 
equal 
to VIH or VIL. 


5. All 28F008SA 
devices 
in Deep-Sleep 
(Reset-PowerDown) 
mode. 


6. In Byte and Word 
Mode, 
all but two devices 
in Deep-Sleep. 


7. The current 
consumption 
from the 28F008SA 
is insignificant 
in relation 
to the ASIC's. 
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AC CHARACTERISTICS 


AC Timing 
Diagrams 
and characteristics 
are guaran- 


teed to meet or exceed 
PCMCIA 
Release 
2.0 speci- 


fications. 
PCMCIA 
allows 
a 300 ns access 
time for 
Attribute 
Memory. 
Note 
that 
read and write 
access 


timings 
to the Series 
2 Flash 
Memory 
Card's 
Com- 


mon and Attribute 
Memory 
Planes 
are identical 
at 


150 ns. Furthermore, 
there 
is no delay 
in switching 
between 
the Common 
and Attribute 
Memory 
Planes. 


COMMON 
AND ATTRIBUTE 
MEMORY, 
AC CHARACTERISTICS: 
Read-Qnly 
Operations 


Symbol 
Parameter 
Notes 
Mln 
Max 
Unit 


JEDEC 
PCMCIA 


tAVAV 
tRc 
Read Cycle Time 
150 
ns 


tAVOV 
ta (A) 
Address 
Access Time 
150 
ns 


tELOV 
ta (CE) 
Card Enable Access 
Time 
150 
ns 


tGlOV 
ta (OE) 
Output Enable Access 
Time 
75 
ns 


tEHOX 
~is(CE) 
Output Disable Time from CE # 
75 
ns 


tGHOZ 
~is(CE) 
Output Disable Time from OE # 
75 
ns 


tGlOX 
ten (CE) 
Output Enable Time from CE # 
5 
ns 


tELOX 
ten (OE) 
Output Enable Time from OE # 
5 
ns 


tAXox 
tv (A) 
Data Valid from Add Change 
0 
ns 


tRHOV 
Reset-PwrDwn 
Recovery 
to Output 
Delay 
500 
ns 


tsu (Vccl 
CE Setup Time on Power-Up 
1 
ms 


First Access 
after Reset 
500 
ns 


.7Vcc 
X, 
~~~INrn 
INPUT 
4 
• 
1.5 
OUTPUT 


0.0 


290434-28 


Transient 
Input/Output 
Reference 
Waveform 
(Vcc = 5.0V) for Standard 
Test Configuration 


0.0 
INPUT X,-'_ ._4~~~~~=_T_E_S...l,:,: 
•.•_O_IN_T_S_~_-_-_-_ 
-__7<, 
OUTPUT 


3.0 


290434-29 


Transient 
Input/Output 
Reference 
Waveform 
(Vcc = 3.3V) for Standard 
Test Configuration 
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~ 
"@ 
2ID 
Iiiiil 
IF' 
o::::::J 
~ 
Vee 
POWER-UP 
STANDBY 
o::::::J 
~ 
VIH 
~ 


~ 


ADDRESSES 
(A) 


Vll 


." 
IQ 
VIH 
C..• 
CD..•. 
CE" 
(C) 
sn 
Vll 
~0 
:e 
III 
VIH 
< 
CD- 
0 
OE" 
(G) 
..• 
3 
Vll 
- 
0..• 
:D 
CD 
VIH 
IIIa. 
0 
WE" 
(w) 
"tJ 
CD 
Vll 
..•!. 
0" 
:JIll. 
VOH 


DATA 
(D/a) 


VOl 


NOTE: 
1. The hatched 
area may be either 
high or low. 


I 
~ 
0) 
Co) 


DEVICE AND 
ADDRESS 
SELECTION 
OUTPUTS 
ENABLED 
DATA 
VALID 
SlANDBY 
Vee 
POWER-DOWN 
- 
- 
--"'\I 


- 
- 
- 
------'I 


VALID 
OUTPUT 


tAXOX 


HIGH Z 


'1 
tAVOV 
I' 
290434-21 
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@ 
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::D 
m 
Cl) 
N."r- 
~J:i: 
mi:o 
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Cl) 
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COMMON 
AND ATTRIBUTE 
MEMORY, 
AC CHARACTERISTICS: 
Write 
Operations(1) 


Symbol 
Parameter 
Notes 
Mln 
Max 
Unit 
JEDEC 
PCMCIA 


tAVAV 
twc 
Write Cycle Time 
. 
150 
ns 


tWLWH 
tw (WE) 
Write Pulse Width 
80 
ns 


tsu (A) 
Address 
Setup Time 
~ 


20 
tAVWL 
ns 


tAVWH 
tsu (A-WEH) 
Address 
Setup Time for WE # 
100 
ns 


tVPWH 
tvps 
. Vpp Setup to WE # Going High 
100 
ns 


tELWH 
tsu (CE-WEH) 
Card Enable Setup Time for WE # 
100 
ns 


tDVWH 
tsu (D-WEH) 
Data Setup Time for WE # 
50 
ns' 


tWHDX 
th (D) 
Data Hold Time 
20 
ns 


tWHAX 
trec (WE) 
Write Recover 
Time 
20 
ns 


tWHRL 
WE # High to RDY /BSY # 
120 
ns 


tWHOVl 
I 
Duration 
of Data Write Operation 
6 
J-Ls 


tWHOV2 
Duration 
of Block Erase Operation 
0.3 
sec 


tOWL 
Vpp Hold from Operation 
Complete 
2 
0 
ns 


tWHGL 
th (OE-WE) 
Write Recovery 
before Read 
10 
ns 


tRHWL 
Reset-PwrDwn 
Recovery 
to WE # Going Low 
1 
J-Ls 


NOTES: 
1. Read timing characteristics during erase and data write operations are the same as during read-only operations. Refer to 
AC Characteristics for Read-Only operations. 
2. Refer to text on Data-Write and Block-Erase Operations. 


BLOCK 
ERASE 
AND 
DATA·WRITE 
PERFORMANCE 


Parameter 
Notes 
Mln 
Typ(3) 
Max 
Unit 


Block Pair Erase Time(1) 
2,4 
1.1 
10 
sec 


Block Pair Write Time 
2,4 
0.5 
2.1 
sec 


Byte/Word 
Write Time 
4 
4.8 J-Ls 6 J-Ls 3ms 


NOTES: 
1. Individual blocks can be erased 100,000 times. 
2. Excludes System-Level Overhead. 
3. 2SoC.12.0 Vpp. 
4. Monitor Ready/Busy Registers for the completion of a write/erase command. 
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aID 
IiiiiI 
IP 
~ 
~ 
~ 
281 
~ 


I)J~ 
en 
01 


.., 
US' 
e:i; 
...•. 
;-I 


~ 
=e 
~ 
ID0- 
3- 
o..• 


=e..• 
::+ 
IDo 
'Q 
ID 
iil- 
0' 
:::J 
I/) 


Vec 
POWER-UP 
WRIT( 
DATA 
WRITF 
OR 
! 
STAND8Y 
ERASE 
SETUP 
COWMAND 


ADDRESSES 
(~~ 
~ 
~. 
K 
~. 


VIH 


DATA 
(0/0) 


V,L 


VOH 


RDY /BSY' 
(R) 


VOL 


V,. 


RP' 


V,L 


VpPH 


~tVPWH 


V 
(V) 
VPPL 


pp 
V 
1H 


V,L 


WRITE 
VALID 


ADORESS 
~ 
DATA (DATA 
WRITE) 
AUTOMATfO 
DATA 
WRITE 


OR 
ERAS[ 
CONfiRM 
COMMAND 
OR [RASE 
DELAY 


R(AD 
STATUS 


REGISTER 
DATA 


WRITr 
RrAIJ 
ARRAY 


COMMAND 


V,. 


CE' 
(E) 


VIL 


tWHAX 


lw.oL 


VIH 


OE' 
(G) 


V,L 


tWHOV1,2 


V,. 


WE' 
(w) 


V,L 


290434-22 


NOTE: 
- 


By writing 
the appropriate 
register, 
or on power-up, 
the card control ASIC generates 
the RPI' 
signal to the card's 
devices, 


--€: 


~ 


VIm 
::0 
m 
N 
"T1 


~J: 
3: 
m3:o 
::0-<o 
:J:. 
::0C 
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COMMON 
AND 
ATTRIBUTE 
MEMORY, 
AC CHARACTERISTICS: 
CE#-Controlled 
Write 
Operations(1) 


Symbol 
Parameter 
Notes 
Min 
Max 
Unit 
JEDEC 
PCMCIA 


tAvAV 
twc' 
Write Cycle Time 
1 
150 
ns 


tELEH 
tw(WE) 
Chip Enable Pulse Width 
1 
80 
ns 


tAVEL 
tsu (A) 
Address 
Setup Time 
1 
20 
ns 


tAVEH 
tsu (A-WEH) 
Address 
Setup Time for CE # 
1 
100 
ns 


tVPEH 
tvps 
Vpp Setup to CE# 
Going High 
1 
100 
ns 


tWLEH 
tsu (CE-WEH) 
Write Enable Setup Time for CE # 
1. 
100 
ns 


tovEH 
tsu (D-WEH) 
Data Setup Time for CE # 
1 
50 
ns 


tEHOX 
th (D) 
Data Hold Time 
1 
20 
ns 


tEHAX 
tree (WE) 
Write Recover 
Time 
1 
20 
ns 


tEHRL 
'" 
CE# 
High to RDY/BSY# 
I 
1 
120 
ns 


tEHOVt 
Duration 
of 
Duration of Data Write Operation 
1 
6 
/Ls 
Data Write 


tEHOV2 
Duration 
of 
Duration of Block Erase Ope~ation 
l 


1 
0.3 
sec 
Erase 


taWL 
Vpp Hold from Operation 
Complete 
I 
1.2 
0 
ns 


tEHGL 
th (OE-WE) 
Write Recovery 
before Read 
1 
10 
ns 


tRHEL 
Reset-PwrDwn 
Recovery 
to CE # Going Low 
1 
/Ls 


NOTES: 
1. Read timing characteristics during erase and data write operations are the same as during read-only operations. Refer to 


AC Characteristics for Read-Only operations. 


2. Refer to text on Data-Write and Block-Erase Operations. 


2-166 


r-; 


f 
~ 


I 
Iiiiil 
IF 
I 
<= 
~ 
~ 
~ 
am 
~ 


~ 
(1) 
...., 


Vcc POWER-UP 
WRITE OATA WRITE OR 


& STANDBY 
ERASE SETUP COWWAND 


ADUREmS 
(~,: 
~ 
~" 
~ 
~H 


'EH•• 


." 
cCc 
iil..• 


!XI 
)0 
;:; 
CD.., 
::l!. 


CD 
)0o 
::e 
~ 
CD-o 
3- 
o.., 
VO • 


RDY/BSY' 
(R) 


VOl 


V,. 


DATA (0/0) 


VIl 


::e 
:::!. 
iDo 
'0 
CD.., 
1\1.. 
0- 
::l 
III 


WRITE VALID 


ADDRESS a DATA (DATA WRITE) 
AUTOWATED DATA WRITE 
OR ERASE CONrlRW COWWANO 
OR ERASE DELAY 


READ STATUS 
REGISTER DATA 
WRITE READ ARRAY 


COW"AND 


V,. 


WE' 
(W) 


VIl 


tovvl 


'EHGl 
V,. 


OE< (G) 


VIl 


'EHOVI.2 


V,H 


CE' 
(E) 


VIl 


V,. 


RP' 


VIl 


As shown. 
RP. 
I, 
generated 
In 
the 
cord 
by the 
ASIC by 
writing 
lo the 
appropriate 
register, 


lVPEH 


VpPH 


'. 
(v 
~ I!I/IJII 
" 
we 


NOTE: 
By writing the appropriate 
register, 
or on power-up, 
the card control 
ASIC generates 
the RPI' 
signal to the card's 
devices. 
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SERIES 2 FLASH MEMORY 
CARDS 


C ~IN 
Lt 
0.008 
P ~IN.& 
S IIIN 
T& 
W t 0.004 
X t 0.002 
Vi 
0.002 


0.294 
3.370 
0.394 
'0.118 
0.065 
2.126 
0.039 
0.063 
(10.0) 
(85.60) 
(10.0) 
(3.0) 
(1.65) 
(54.0) 
(1.00) 
(1.60) 


e£:WPS 


o-------w------l 


&. POLARIZATION KEY LENGTH. 
& INTERCONNECTAREA TOLERANCE= to.002 


SUBSTRATE AREA TOLERANCE= to.004 


3 
IIILLI~ETERS 
ARE IN PARENTHESISO. 


Surfac. A 


&. 
T 
P--.L 


2x T~ 
r- 


290434-24 


Figure 19. Series 2 Flash Memory 
Card Package 
Dimensions 
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SERIES 2 FLASH MEMORY 
CARDS 


I-- 0.037 (0.94) 
IoIIN 


PIN 
INSERTION 
290434-25 


Figure 20. Card Connector 
Socket 


PIN 


~ 
PIN/SOCKET 
CONTACT 
AREA 


2. 
t.lILlIt.lETERS 
ARE 
IN PARENTHESIS 
0 


SOCKET 
CONTACT 
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L1 MAX 
L2 
L3REF 


0.020 
(0.5) 
Pin Type-See 
Table 1 
Detect 
0.059 (1.5) ± 0.039 
General 
0.084 (2.1) ± 0.064 
Power 
0.098 (2.5) ± 0.078 


0.024 
(0.6) 


Figure 21. Pin/Socket 
Contact 
Length with Wipe 
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SERIES 2 FLASH MEMORY CARDS 


Label Dimensions 


2.589" 


FRONT 
LABEL 
f--- 
1.636" -----l 


BACK LABEL 
f--- 
1.636" -----l 


2.589" 


. 
WRITE PROTECT 


'. 


290434-30 
~ 
4X R 0.060" 7 


NOTES: 
Total label dimensions are ±0.003" 
Total label thickness with adhesive is 0.002" 


Card Dimensions 
with Label 
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0.212" 


1,1 


0.212" 


11 


LOCATION 
Of 
fRONT 
AND 
BACK 
LABEL 


3 


r;:H2" 


~ 


WRITE PROTECT 


.370" 


T 
0.54" 
j 
1---- 
2.16"---- 
290434-31 


Figure 22. Label Information 


SERIES 2 FLASH MEMORY 
CARDS 


Symbol 
Characteristics 
Commercial 
Unit 
Mln 
Max 


CIN 
Address/Control 
Capacitance 
(Ao-Aa, 
CEl #, CE2#) 
30 
pF 


Address/Control 
Capacitance 
(Ag-A24' 
all others) 
20 
pF 


Vcc,Vpp 
2 
J.LF 


COUT 
Output Capacitance 
20 
pF 


Table 5. Capacitance 
TA = 25°C, f = 1.0 MHz 


NOTE: 
Sampled, not 100% tested. 


ORDERING 
INFORMATION 


iMC020FLSA-15 


WHERE: 


M9508014,SBXXXX 


i 
MC 
020 


= INTEL 
= MEMORY 
CARD 
= DENSITY 
IN MEGABYTES 
(002,004,010,020 
AVAI LAB LE) 
= FLASH TECHNOLOGY 
= BLOCKED 
ARCHITECTURE 
= SERIES 
2 
= EXTENDED 
TEMPERATURE 
= 150.ns 


M 
95 
08 
014 
SBXXXX 


= MANILA 
= 1995 
= WEEK 08 
= LOT # 
= CUSTOMER 
IDENTIFIER 
FL 
S 
A 
-ET 
15 


ADDITIONAL 
INFORMATION 
28F008SA 
FlashFile™ 
Memory 
Data Sheet 
AP-361 
"Implementing 
the Integrated 
Registers 
of the Series 2 Flash Memory Card" 
AP-364 
"28F008SA 
Automation 
and Algorithms" 
AP-359 
"28F008SA 
Hardware 
Interfacing" 
AP-360 
"28F008SA 
Software 
Drivers" 
AP-606 
"Interchangeability 
of Series 1/2/2 + Flash M~mory 
Cards" 


ORDER 
NUMBER 
290429 
292096 
292099 
292094 
292095 


REVISION 
HISTORY 


Number 
Description 


02 
Added 
150 ns TUPLE, 
Deleted 250 ns TUPLE 
Corrected 
Global Power Register 
Address 
to 4002H 
Corrected 
Write Protection 
Register 
Address 
to 41 04H 
Corrected 
Ready-Busy 
Mode Register 
Address 
to 4140H' 


tee Standby 
Byte Wide Mode MAX/TYP 
Increased 
Added 
Power-On 
Timing Spec 
Added First Access 
after Reset Spec 
Changed 
Advanced 
Information 
to Preliminary 


03 
Added 2 MByte card support 
Changed 
write timing waveforms 
to match PCMCIA 
Changed 
PowerDown 
(PWD) to Reset-PowerDown 
(RP) 


04 
Extended 
Operating 
Temperature 
Range 
Added 
Maximum 
Byte Write Time 


05 
Added 
150 ns Timings 
Change Cover Drawing to Accommodate 
Label 


06 
Modified 
DC characteristics 
to reflect a conversion 
to new memory components-the 
0.4J.L 
version of the 28F008SA. 
The new devices 
also have improved 
program 
and erase 
performance. 
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i960®Microprocessor CTOOLS 
Application Development Tools 


PRODUCT 
OVERVIEW 


Intel's CTOOLS 
provides 
a complete 
set of 
application 
development 
tools for developing 
embedded 
designs, including 
an advanced 
optimizing 
compiler, 
an assembler, 
a tinker, 
utilities, and a variety oflibraries, 
including 
floating-point 
emulation. 


Besides operating 
with the most popular 


operating 
systems, 
CTOOLS 
also incorporates 
industry standards 
in all areas. CTOOLS 
conforms 
to ANSI Standard 
X3.l59-l989 
and 


passes the Plum Hall conformance 
and Perennial 


test suites. CTOOLS 
also conforms 
to the 80960 


Application 
Binary Interface 
(ABI), enabling 
object code interoperability 
with third-party 
tools 
and debuggers. 
Compatibility 
with known 


standards 
makes new users productive 


immediately, 
and ensures access to existing 
application 
code. 


CTOOLS 
can be used across all members 
of the 
i960' 
microprocessor 
family. Command 
line 
switches allow the compiler 
to take advantage 
of 


specific architectural 
features. 
For instance, 
in the 
case of the i960 Cx and Hx processors, 
the 


compiler 
uses advanced 
code scheduling 


algorithms 
to modify instruction 
sequences, 


taking advantage 
of the processor's 
parallel 
execution 
capability. 
The generated 
code is 


highly efficient, 
assuring maximum 
performance 
for your embedded 
applications. 


PROVEN 
OPTIMIZATION 
TECHNIQUES 


Advanced 
optimization 
techniques 
are 


incorporated 
into Intel's 
CTOOLS 
compiler 
to 
offer customers 
superior 
performance 
while 


maintaining 
robust code. The compiler 


incorporates 
local, global, program-wide 
and 
profile-driven 
optimizations: 


Processor-Independent 
Optimizations 


Including: 


• Constant 
expression 
evaluation 


• Constant 
propagation 
• Collapsing 
of arithmetic 
and bitwise 
boolean 


identities 


• Common 
subexpression 
elimination 


• Register 
subsumption 
or register 
coalescing 


• Local 
variable 
promotions 


• Tail-call 
elimination 
• Procedure 
inlining 


• Branch 
optimizations 


• Dead code elimination 
• Loop invariant 
code motion 
• Variable 
shadowing 


• Superb lock formation 
• Basic block 
rearrangement 
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Processor-Dependent 
Optimizations 
Including: 


• Specialized 
instruction 
selection 
• An intelligent 
register 
manager 
• Code 
scheduling' 


• Use of on-chip 
data RAM 
for spill registers 
• Efficient 
use of complex 
addressing 
modes 
• Branch 
prediction 
• Generation 
of leaf procedures 
• Memory 
access 
coalescing 


WHOLE-PROGRAM 
AND 
PROFILE-DRIVEN 
OPTIMIZATIONS 


CTOOLS 
also provides 
program-level 
optimizations, 
which allow 


. optimizations 
such as function 
inlining to occur across source files. 
Changing 
the optimization 
level is as simple as changing 
an 
argument 
on the compiler's 
command 
line. Restructuring 
your 
build environment 
is no longer needed! 


A runtime 
profile can be used to guide the whole-program 
optimization 
decisions. 
Such profile-driven 
optimizations 
combine 
a global view of the entire program 
with its typical runtime 
behavior, 
to producehighly 
optimized 
code. 


Collecting 
a runtime 
profile is often an expensive 
procedure. 
With 
CTOOLS 
RS.O, once a runtime 
profile is collected, 
it can be used 
to guide optimizations 
after days, weeks or even months 
of changes 
to your source code. The profile is automatically 
interpolated 
to 
match the structure 
of your program. 


COMPRESSION 
ASSISTED 
VIRTUAL 
EXECUTION 
ICAVE) 


By storing non-critical 
functions 
in compressed 
form, CTOOLS 
can save valuable 
memory 
in your ROM-based 
application. 
When 
invoked, 
such functions 
are decompressed 
onto the runtime 
stack 
and executed. 
Upon function return, the stack space is 
automatically 
freed. 


DEBUGGING 
OPTIMIZED 
CODE 


The DWARF 
2.0 symbolic 
debug information 
format supports 
expression 
of the complex 
relationships 
between 
your source 
program 
and its highly optimized 
object code. Debugging 
features 
such as breakpoints 
and displaying 
a variable's 
value behave 
more 
reliably 
with DWARF 
than with existing object file formats such as 
COFF and b.out, when your code is optimized. 
Optimized 
code 
debugging 
can often eliminate 
the expensive 
step of building 
an 
unoptimized 
version of your application 
for debugging 
purposes. 


KEY 
fEATURES 
. 
" 


• Improved 
Code Generation 
for the i960' 
RP, Jx and Hx 
Processor 
Families 


• Easy-to-Use 
Whole-Program 
and Profile-Driven 
Optimizations 


• Efficient 
Memory 
Use with Runtime 
Decompression 
of 
Compressed 
Object 
Code 


• Debug 
ofOptimized 
Code Using 
the ELF Object 
File Format 
with DWARF 
2.0 Symbolic 
Debug 
Records 


• Conformance 
to the 80960 
Tools 
Consortium's 
Application 
Binary 
Interface 
(ABI) 
Enhances 
Interoperability 


• PCI Download 
and PCI Comm 
on DOS and Windows 
95 


• On-Line 
HTML 
Hypertext 
Documentation 


ASSEMBLER 
AND 
LINKER' 


The assembler 
processes 
assembly 
code produced 
by the compiler. 
The CTOOLS 
toolset offers other valuable 
utilities such as: 


• Debugging 
aids: object 
file dumper 
and mapper 


• An archiver 
to build 
libraries 


• An object 
file stripper 
to eliminate 
debug 
records 
from the 
object 
module 


• A COFF 
to IEEE-695 
object 
file converter 


• A big-endian 
to little-endian 
object 
file converter 


• A ROM builder 
to produce 
ROMable 
code 
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• Compatible 
with GNU/960 
R4.6 and CTOOLS960 
R4.6 


• Conforms 
to ANSI 
Standard 
X3.l59-l989 
and Passes 
Plum 
Hall Conformance 
and Perennial 
Tests 


• Supports 
In- Line 
Assembly 
Code in C Source 


• Includes 
IEEE-754 
Compatible, 
High-Speed, 
Accelerated 
Floating-Point 
library 
for Components 
without 
On-Chip 
Floating-Point 
Instructions 
. 


• Supports 
Windows 
95, DOS and Selected 
UNIX 
Hosts 


• Source 
Code 
Supplied 
. 


• Annual 
Support 
Contracts 
Available 


The tinker links together 
separately 
compiled 
modules, 
performing 
additional 
optimizations 
such as replacing 
calls by branch-and-link 
sequences. 
It reads the contents 
of a configuration 
file in order to 
map the application's 
code and data sections in memory 
and then 
link correct run-time 
libraries 
for the application. 
Linkage 
may be 
performed 
in interactive 
steps until the fina1link 
step, at which time 
all unresolved 
externals 
are satisfied. 


DEBUGGER 
AND 
MONITOR 


The gdb960 symbolic 
debugger 
and MON960 
monitor 
are included 
in CTOOLS. 
The debugger 
is a full symbolic 
debugger, 
and 
operates 
with the MON960 
monitor to allow setting of breakpoints, 
single-stepping, 
variable tracing, 
and many other capabilities. 


LIBRARY 
SUPPORT 
CTOOLS supports three library types: 


• i960 architecture-specific 
high-level 
libraries 


• IEEE-754 
compatible 
accelerated 
floating-point 
libraries 


• Low-level 
libraries supporting 
i960 processor 
evaluation 
boards 


The CTOOLS linker configuration files hide the complexity of 
linking the correct libraries. All C libraries have been optimized 
and generated using the CTOOLS compiler. They are offered in 
normal code form, in position-independent 
form for use in 
applications relocatable at load time, and in big-endian form for 
applications that use i960 big-endian memory regions. 


TECHNICAL 
SUPPORT 
Annual software maintenance 
contracts are available from Intel. 


Contracts include free production upgrades, \-800 technical 
support, FaxBack, BBS and guaranteed bug turnaround (once they 
have been identified). Intel also offers a 30-day, money-back 
guarantee to customers who are not satisfied after purchasing any 
Intel development tool. 


HOST 
SYSTEMS 
SUPPORTED: 
PC CompatiblelOOS, 
Windows 95, HP90001HP-UX, 


IBM RS6000/ AIX, Sun-4 


PROCESSORS 
SUPPORTED: 
i960' Sx, Kx, Cx, Jx, RP, and Hx Processors 


AVAILABILITY: 


Now 


CONTACT: 
Local Distributor, Intel Sales Office or Intel Support at 
(800) 628-8686. 


World Wide: call + \ (503) 264-7354, 7-5:00, Mon-Wed & Fri; 
7-3:00, Thur. All U.S. Pacific time. 


WWW: http://www.intel.com 


ORDERING 
INFORMATION: 


CTOOLSW95KT 
Windows 95 & PC CompatiblelOOS 
- 
CD-ROM & 3 1/2" diskettes 


CTOOLSDOSKT 
PC CompatiblelOOS 
- 
3 112"diskettes & CD-ROM 


CTOOLSUNXKT 
HP90001HP-UX - 
4mm 
Sun-4/UNIX & IBM RS/6000/ AIX - 
8mm & QIC-24 
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i960® Microprocessor Literature 


Thl~ 
Lirerarnre 
FaxB~ck 
Title 
Literature 
F.\B.ck 
Otd er # 
Document 
# 
Order 
# 
Document 
# 


PRODUCT 
INFORMATION 
APPLICATION 
NOTES/APPLICATION 
BRIEFS Iconl'dl 


i960' Processor 
Product Line Card 
2033 
AP-704 
A Simple DRAM 


i960' Processor 
Literature 
List 
2115 
Controller 
for the i960' ex Processor 


FaxBack 
Doctnnent 
List 
2068 
Using F1exlogic 
272628 


i960' CAlCF 32-Bit Superscalar 
AP-706 
DRAM Controller 
for the 


Microprocessor 
InfoGuide 
2705 
40-MHz 
i960' CAlCF Microprocessor 
272655 


i960' KAIKB 32-Bit Embedded 
AP-712 
DRAM Controller 
for the 


Microprocessor 
InfoGuide 
2716 
33-MHz 
i960' JAlJF/JD Microprocessor 
272674 


i960'lWHD/HT 
Superscalar 
i960' RP Processor: 
A Single Chip 


Microprocessor 
InfoGuide 
2730 
Intelligent 
VO Subsystem 
272238 


i960' JX Microprocessor/ 
TOOLS 
The Cobra Series InfoGuide 
2731 
Technical 
Assistance 
(tools) 
2544 


i960' SAlSB 32-Bit Embedded 
Solutions960' 
Catalog 
270791 
Microprocessors 
with 16-Bit Burst Data Bus 
272233 
GNU/960 
Software 
Toolset Fact Sheet 
272178 
Enhanced 
PC VO Performance 
i960' Microprocessor 
Product 
Line 
with i960' RP Processor 
272740 
and Support Tools Fact Sheet 
272219 


DATA SHEETS 
EPS0960CX 
Evaluation 
Platform 
272505 


80960HAllIDIlIT 
32-Bit High- 
i960' Microprocessor 
Evaluation 
272508 
Performance 
Superscalar 
Processor 
272495 
Platform/Cyclone 
EP 


80960JAlJF Embedded 
Cyclone" 
Evaluation 
Platform 
User's 
Guide 
272577 
32-Bit Microprocessor 
272504 
i960' SAlSB Processor 
Evaluation 
Board 


80960CA-33,-25,-16 
32-Bit High 
Fact Sheet 
272033 
Performance 
Superscalar 
Processor 
270727 
QT 960 Evaluation 
and Prototyping 
Board 


80960CF-33,-25,-16 
32-Bit High 
Fact Sheet 
270743 
Performance 
Superscalar 
Processor 
272187 
EV80960SX 
Evaluation 
Board User's 
Manual 
270853 
80960KA 
Embedded 
32-Bit Microprocessor 
270775 
EPS0960CX 
Evaluation 
Platform 
User's 
Guide 
272456 


80960KB 
Embedded 
32-Bit 
82596CA 
High-Performance 
32- Bit Local Area 
Microprocessor 
with Integrated 
Network 
Coprocessor 
290218 


Floating-Point 
Unit 
270565 


80960SA 
Embedded 
32-Bit 
MANUALS~ATABOOKS 


Microprocessor 
with 16-Bit Burst Data Bus 
272206 
i960' Jx Microprocessor 
User's 
Manual 
272483 


80960SB 
Embedded 
32-Bit 
i960' ex Microprocessor 
User's 
Manual 
270710 


Microprocessor 
with 16-Bit Burst Data Bus 
272207 
i960' KB Microprocessor 
Programmer's 


82961 KD Printer Coprocessor 
272221 
Reference 
Manual 
270567 


80960 Intelligent 
VO Microprocessor 
272737 
i960' SAlSB Microprocessor 
Reference 
Manual 
270929 


APPLICATION 
NOTES/APPLICATION 
BRIEFS 
82961 KD Printer Coprocessor 


i960' Microprocessor 
Competitive 
Reference 
Manual 
272280 
Benchmark 
Report 
272392 
2515 
i960' Extended 
Arehitecture 
Programmer's 
Intemetworking 
and the Inte! i96o" 
Reference 
Manual 
271191 
Microprocessor 
272601 
2359 
i960' Processors 
and Related 
Products 
Imaging 
and the Intel i960' Microprocessor 
272602 
2360 
Databook 
272084 


AB-42 80960Kx 
Self-Test 
270703 
i960' RP Microprocessor 
User's 
Manual 
272736 


AP-506 
Designing 
for 80960Cx 
and 


80960Hx 
Compatibility 
272556 
AP-703 
DRAM 
Controller 
for the 
33-MHz 
i960' CAlCF Microprocessor 
272627 


Intel 
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By tailoring these low 


cost modules to be 


interchangeable, 


designers are freed from 


the burdensome 
and 


time consuming 
task of 


supporting 
multiple 


boards during an 


architectural evaluation. 


infel· 


I 
i960® Microprocessor 
Evaluation Platform 


Cyclone EP 


Flexibility Plus 


Intel's Cyclone Evaluation Platform is designed to pro- 


vide the developer with a flexible. low cost environment for 
code execution and software debug. Configured as a stand- 
alone base board with interchangeable modules. the 
Cyclone EP is capable of supporting the entire i96O" 
processor family; from the low cost i960 SA processor to 
the newest and highest performance member of the i960 
family. the i960 HT processor. 


The standard interface incorporated on the Cyclone EP 


allows a designer to interchange application specific mod- 
ules ranging from Ethemet to SCSI-3. Published specifica- 
tions for the interface allow designers to build their own 
module or have Cyclone Microsystems custom develop it 
for them. 


Processor Modules 


Designed for the Cyclone EP are CPU modules featur- 
ing a specific i960 processor. By tailoring these four low 
cost modules to be interchangeable. the designer is freed 
from the burdensome and time consuming task of support- 
ing multiple boards during an architectural evaluation. The 
CPU modules each contain a boot flash ROM with the 
MON960 monitor. appropriate glue logic and configuration 
switches. Using these switches the designer has the ability 
to further tune the design. 


DRAM Memory 


The Cyclone EP is shipped with 2 Mbytes of inter- 
leaved DRAM memory upgradable to 8 or 32 Mbytes. The 
DRAM controller automatically adjusts the wait-states 
based on processor type. clock frequency, and memory 
speed. The controller supports burst transfers using the 
interleaved banks to maximize performance. The default 


memory configuration comes standard with 70ns memory. 
For processor frequencies of25 and 40 MHz, performance 


can be significantly increased by using 60ns memory. The 
board requires no shunts or switches to adjust for memory 
changes. The Presence Detect Signals and the controller 
automatically adjusts to minimum wait-states for the 
processor frequency and memory speeds. In addition the 
initialization code automatically sizes the memory so user 
software can take advantage of larger memory modules. 


Software Development Support 


The Cyclone EP supports many software development 
tools. The installation instructions presented in the manual 
were verified using Intel's GNUI960 and IC960. These 
advanced C-Ianguage compilers for the i960 processor fam- 
ily are available for DOS-based systems and a variety of 
UNIX workstation hosts. Both products provide execution 
profiling and instruction scheduling optirnizations for tuned 
code generation. In addition to the Intel tools, the Cyclone 
EP has been validated for use with many of the 
Solutions960° program development tools. 


Console Serial PortlParallel Port 


The Cyclone EP has a single console port with an RS- 
232 line interface as well as a Centronix PC compatible 
input para1lel port. Cables are supplied for both communi- 
cation ports. 


Cyclone Evaluation Platform Features 


• 
Interchangeable i960 processor modules 
• 
DIP switch selectable processor clock frequency 


• 
2 Mbytes ofDRAM. 
expandable to 32 Mbytes 
• 
DRAM controller automatically optimizes wait- states 
to processor frequency and memory 


• 
Flash ROM sockets 
• 
Parallel download port 


• 
Three sixteen bit counterltimers 
• 
Squall 1Imodule UO expansion interface 
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Squall ITModule Interface 


The Cyclone EP has a single expansion location 


(Squall 11)and connector. While Cyclone 
Microsystems 
has many off the shelf modules avail- 


able, users are also encouraged to build their own mod- 
ules or contact Cyclone regarding custom modules and 
boards. Boards currently available through both Inte! 


and Cyclone Microsystems 
are: 


• 
Ethemet 


• 
SCSI-2 


• 
SCSI-3 
• 
High Speed Serial 


The Cyclone EP Functional Overview 


I/O subsystem provides data buffers and simplified- 


control: 


• 
The Centronics compatible parallel port allows fast 
download of code or data to the Cyclone EP 


The asynchronous 
serial (RS-232) port provides 
transfers up to 115.2 Kbaud. 


• 
A Z8536 timer/counter 
provides three 16-bit coun- 
ters, with interrupts. 


A single expansion bus (Squall IJ module) allows 


expansion cards and external devices direct access 


to the i960 processor's bus and control signals. 


Product Ordering Information 


EP80960BB 


CPU80960HXI 


CPU80960CX 
CPU80960SX 


CPU80960KX 
CPU80960JX 


, Available Q2 '95 


Base Board without CPU Module 


HX Microprocessor 
CPU Module 


CX Microprocessor 
CPU Module 


SX Microprocessor 
CPU Module 
KX Microprocessor 
CPU Module 


JX Microprocessor 
CPU Module 


Support Information 


110 MODULES 


SQETIlERNET 
SQHSSI 


SQSCSI-2' 


SQSCSI-3' 


ETIlERNET 
MODULE 


HIGH SPEED SERIAL 


SCSI-2 
SCSI-3 (FAST AND WIDE) 


, Not av~lahlc 
oolhe CPlJ80960KX 
OR CPlJ80960SX 


1 Not available 
on the CPU80960SX 


Intel product information, sales office and distributor 
phone numbers 
To Older Inlel !JUOOctliIemture. 


Technical applications suppon for Inlel developnent tools. 


Automated response system that faxes Intel documents to 
yoor fax machine at no cost. Fa a listing of all i9ffi micro- 
processor documents, Older FaxBack service document 2068. 
24-bour access via lOOdemto publicly available 1eChnicaIinfor- 
mation. Fa acomplele listing of all fdes available on BBS, caUthe 
FaxBack service and request caalog 6 (BBS Masler FtIe Listing). 


PhOtlf numbers listed above arefor V.S. IJIIdCanada orJy. 


Product and SaJes 
Wormallon 
Uterature Department 


I>el'dopmmt'l'cds 
HotIIne 


FadIad< SenIce 


916-356-3600 
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UNITED STMES 
Intel Corporation 
2200 Mission CoDege Boulevard 
P.O. Box 58119 
Santa Clara, CA 95052-8119 


JAPAN 
Intel Japan K.K. 
5-6 Tokodai, Tsukuba-sbi 
Ibaraki, 300-26 


FRANCE 
Intel Corporstion 
S.A.R.I. 


1, Rue Edison, BP 303 
78054 Saint-Quentin-en- 
Yvelines Ct:dex 


UNITED 
KINGDOM 
Intel Corporation 
(U.K.) Ltd. 


P~ersWay 
Swindon 
Wiltshire, England SN3 1RJ 


GERMANY 
IntelGmbH 
Domacher 
Strasse 1 
8016 Feldkirchen 
bei Muenchen 


HONG KONG 
Intel Semiconductor 
Ltd. 
32/F Two Pacific Place 
88 Queensway 
Central 


CANADA 
Intel Semiconductor 
or Canada, Ltd. 


190 AttwelJ Drive, Suite SOO 
Rexdale, Ontario M9W 6118 


Cyclone Micro,)""",,, 
ID<. 


25 Scienc. Park 
NewHaven, Cl 
PIIo•• :203-786-5536 
FAX: 203-786-5025 
emaD: info@cyclone.com 


lntel Corporation assumes no responsibil- 


ity for the use of any circuitry 
othet 
lhan 
cin:uiuy 
embodied 
in an Inlel product. 
No 


other 
circuit 
patent 
licenses 
are implied. 


Information 
contained 
herein 
supersedes 


previously 
published 
specifications 
OIl 
these 
devices 
fromlntel. 


-Other 
brands 
and names 
are the property 


or their 
respective 
owners 
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